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THE STELLAR HEAVENS 



Medium 8vo., cloth extra, ios. 5d. 

FLAM MARION'S POPULAR 
ASTRONOMY 

Translated from the French by J. ELLARD GORE, F.R.A.S. 

With 3 Plates and 288 Illustrations. 

"The six books into which the book is divided give a very lucid and I 
accurate description of the knowledge which has been acquired of the! 
moving bodies of space, both as respects their motions and physical consti- ' 
iuLions. Of the translation we can only speak in terms of praise. Not I 
only does it well represent ihe original, but Mr. Gore has added useful notes 
for the purpose of bringing the Information up to dale, and has also 
increased the number — already very considerable — of the excellent illustra- 
tions, so that the work is likely to become as popular in England as it has I 
been in France." — Atheneeum. 

' The work which Mr. J. E. Gore has translated into English has made [ 
for itself a name and reputation in France . . . and has gone into general | 
circulation to the number of a hundred thousand copies. This last fact Is] 
proof how well within the bounds of possibility it is to make the latest dis- 
coveries of science comprehensible and fascinating to the common mind. 
M. Flammarion has attained this triumph through the grasp of his know- 
ledge, the lucidity of his style, and his power of bringing home the most 
stupendous and complicated of the things revealed to us in the depths of 
space. M, Flammarion's pages should find almost as great acceptance in 
this country as in his own. Simplicity of arrangement and of statement are! 
part of his charm and of his success.' — Scotsman. 

' M. Flammarion's latest volume, if it does not displace its English rivals, 
may well lake a high place in the rank to which they belong. It is full, 
lucid, and, thanks to Mr. Gore's careful revision, well up to date. . . . ! 
Mr. Gore's edition is so carefully brought abreast of the latest discoveries 
that the English student may now congratulate himself on being in an even 
better position than the countrymen of M. Flammarion." — Daily Chronicle. 

' Young students of astronomy who wish to obtain a general idea of the 
most wonderful and fascinating of all sciences will find precisely what they 
seek in M. Flammarion's eloquent and poetic chapters. . . . There are j 
many illustrations in this able and attractive treatise.' — Speaker. 

' It is a fascinating work, extending to nearly seven hundred pages, and 
dealing in popular language with some of the most interesting of the dis- 
coveries and speculations of astronomers.'— Daily News. 

' M, Flammarion is a sound practical astronomer ; he has rendered good 
and laborious service to the science, and he possesses a valuable faculty of 
popular exposition. . . . The Volume is profusely and well illustrated, some 
of the best plates making here their first appearance.' — Saturday Review. 

' A high place must be accorded to Flammarion's " Popular Astronomy.' 
Never before has the science of the heavens been treated with such fulness 
and interest as in this fascinating book ; for Flammarion is a man of letters 
as well as a man of science — a man of letters, too, endowed with the 
wondrous gifts of lucidity and charm which distinguish the best French 
writers. . . . Flammarion's book is much more absorbing than most novels, 
more romantic than most romances, more poetic than most poems, yet 
Strictly and scientifically accurate,' — Ludgate Monthly. 

' It must be confessed that M. Flammarion not only arrests the attention, 
but assists the reader to grasp astronomical theories — a task in which less 
popular writers often fail when they make the attempt.' — Literary World. 

' The book is a most fascinating one, and holds the reader from start to 
finish. ... As a manual for those who wish to obtain a good general know- 
ledge of astronomy this work will be found unsurpassed.' — Science Gossip, 

London : Chatto & Windu- Martin's Lane, W.C. 
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CHAPTER I 

THE STARS 

The Constellations — Number of Stars — Star Magni- 
tudes — Colours of Stars- — Spectra — Parallax and 
Distance— 'Absolute Size — Proper Motions — The 
Sun's Motion in Space- 

The Constellations. — The- stars- visible to the naked 
eye have Been divided into groups," called constellations. 
These are now chiefly used for the purpose of reference, 
but in ancient times they were associated with the figures 
of men and animals, etc. The origin of these constella- 
tion figures is somewhat doubtful, "but they are certainly 
of gfeat antiquity. Ptolemy's "constellations were 48 in 
numbe'r, but different writers, from the first century b.c, 
give various numbers, 1 ringing" from 43 to 62. Bayer's 
Atlas, published in 1603, contains 60, 12 new constella- 
tions in the Southern Hemisphere having - been added 
by Theodorus to Ptolemy's original 48. The present 
number is 84. Bayer's Atlas was the first to show 
the Southern sky, and the first to designate the brighter 
stars by the letters of the Greek alphabet, a (alpha), 
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stars tn both hemispheres, shows a total of 5.719 f° r the whole 
sky. These observers noted all stars down to 6-7 magnitude, 
or slightly below the sixth magnitude, which is supposed to be 
about the limit of ordinary eyesight. Persons with exceptionally 
keen vision may perhaps see a slightly larger number. For 
stars to the seventh magnitude, Gould found a total of 7,685 
stars between the South Pole and io° north of the Equator. 
This gives for the whole sky a total of 13,096 stars to the 
seventh magnitude. Mr. Gavin J. Burns finds from the Harvard 
photometric measures a total of 4,339 stars down to magnitude 
5 "99 in the whole sky, and the present writer finds from the 
' Harvard Photometric Durchmusterung ' a total of 7,848 stars 
from 6*0 to 699 between the North Pole and 40 south declina- 
tion, which would give for the whole sky 9,554 stars from 6"o 
to 6*09 magnitude. 1 Adding this to Mr. Burns' result, we have 
a total of 13,893 stars down to magnitude 6"9g. There are, 
probably, not very many people, however, w ho could see a star 
uf the seventh magnitude without optical aid. 

As we descend in order of faintness, the number of stars 
rapidly increases, but until the photographic charts of the 
heavens, now in progress, have been completed, it is not easy 
to estimate the probable number visible in the largest telescopes. 
Sir William Herschel, in his 'gauges' of stars in the Milky Way, 
made with a reflecting telescope of 187 inches aperture, found 
about 500 stars to the square degree. As the whole star sphere 
contains 41,253 square degrees (see Appendix, Note B), this 
would give a total of about 200,000,000 for the whole sky. But 
the Milky Way is of course exceptionally rich in small stars, 
and does not represent the whole heavens. Taking the area 
covered by the Milky Way as one-fourth of the star- sphere — 
a very liberal estimate: — and its richness as five times that of 
the remainder of the sky (on an average), I find a total of about 
82,000,000. A photograph of a rich Milky Way spot in the 
constellation Cygnus, taken by Dr. Roberts in 1898, shows 
30,000 stars in a space of three and a half square degrees. This 
would give a total of about 360,000,000. But another photo- 
graph, taken near the pole of the Milky Way with the same 

1 Journal British Astronomical Association, January, 1902. 
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telescope, would indicate a totat of only 7,5oo > ooo. We may 
therefore conclude that a total of about 100,000,000 will not be 
very far from the truth. This is the number now usually 
assumed by astronomers. 

Star Magnitudes. — The most casual observation will 
show that the stars differ considerably in their apparent 
brightness, St. Paul says ' one star differeth from 
another star in glory.' 1 Indeed, there are stars of all 
degrees of brightness — from Sirius, the brightest star in 
the heavens, down to the faintest visible in the largest 
telescopes on the clearest nights. The term ' magnitude,' 
when applied to the stars, means their apparent bright- 
ness, not their absolute size, which in most cases is 
unknown. Ptolemy divided those visible to the naked 
eye into six classes, the brightest being called first mag- 
nitude ; those considerably fainter, the second ; those 
much fainter still, the third ; and so on to the sixth 
magnitude, which were supposed to be the faintest, just 
visible to the naked eye on a clear and moonless night. 
Thus, the larger the number, the fainter the star. 
Ptolemy only noted whole magnitudes, but the Persian 
astronomer Al-Sufi, in the tenth century, divided these 
magnitudes, for the first time, into thirds. Thus, a star 
slightly fainter than an average star of the first magni- 
tude he called 1-2— that is, nearer to 1 than 2; one a 
little brighter than the second he called 2-1, or nearer 
2 than 1 ; and so on. This method 2 has been followed 
in modern limes by Argelander, Behrmann, Heis, and 
Houzeau, but in the photometric catalogues of Harvard, 
Oxford, and Potsdam the magnitudes are measured to 
two decimals of a magnitude. This has been found 

1 1 Cor. xv. 41. 

8 A short line between the figures ; not a comma or point, as 
sometimes stated. 



THE STELLAR HEAVEN? 

sive. The variable star Algol is, however, distinct 
described as red by Al-Sufi in the tenth century. It 
now white, and there can be little or no doubt that it 
changed in colour since Al-SufVs time. This change 
colour in Algol seems to lend support to the suppos 
change of colour in Sirius. Among the telescopic rt 
stars there are several which have been suspected 
being variable in colour. There is no star visible to th< 
naked eye of a well-marked bluish or greenish colour, 
although among the telescopic double stars almost al 
colours seem to occur. 

A catalogue of red stars was published some years ago b) 
Mr. John Birmingham, of Tuam, Ireland. This was revise 
and extended by the Rev. T. E. Espin, F.R.A.S., in the ye 
1888. Both these catalogues were published by the Royal Iris 
Academy. Red stars are remarkable from the fact that the 
spectra differ considerably from that of our sun, thus showing 
a different physical constitution. Among them are many of the 
most remarkable of the variable stars > an interesting class of 
objects which will be considered in another chapter. A list of 
the most remarkable red stars at present known will be found 
in the Appendix, Note D. 

Spectra of the Stars* — The spectrum of a star is the 
narrow rainbow-tinted band of light which is formed by 
the star's light when it is passed through a narrow slit 
and a prism. Spectra may also be obtained by placing 
a prism in front of the object-glass of a telescope. These 
spectra are crossed by dark lines, and sometimes by 
bright ones. The spectra of stars differ considerably ; 
some being very similar to the spectrum shown by our 
own sun, and others of quite a different character, thus 
indicating a different physical constitution. 

The spectra of the stars have been divided into different 
classes or types, according to their character. The following is 
Vogel's classification : 
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Class 1. — Spectra in which eke metalbc fines* or limes shown 
by the metals, are extremely faint or entirely h wi aih lc. The 
stars are usually white. Examples: Sirias, Vega, Regnkxs, 

Spica Fomalhaut, etc. 

11. — Spectra in which the metallic [ices are numerous 
and very vi si bie. C olour of the stars, white or yellow. Examples : 
Capella, Arcrarus, Pollux, the Sun, etc 

Cuss III.— Spectra in which, besides the metallic lines, there 
arc numerous dark bands in all parts of the spectrum, and, the 
blue and violet portions are faint. Colour of the stars, orange 
or red This class has been subdivided into : 

{a) Dark bands, fainter towards the red end. Examples | 
" Herculis, Betelgeuse, a Ceti, f$ Pegasi, etc. Many of the 
variable stars belong to this type. Some show a few bright lines. 
(t) Bands very wide, and fainter towards the violet ; some 
show a few bright lines. Examples: 19 Piscium, U 1' 
This is a comparatively rare type. Class III. (A) was called. 
CUSS IV. by Seech i. 

Class V. includes stars with bright lines in their spectr.i, 
They are also known as the 'Wolf-Rayet stars,' and are com- 
paratively few in number. 

The above classes have been subdivided into a number of 
others. 

The first type is usually called ' the Sitian type,' and the 
^eond ' the Solar type.' 

In Class III. (b), = Class IV., the dark bands agree in posi- 
tion with the bright bands shown by burning alcohol. I hey 
"ave been called ' carbon stars,' and show no evidence of the 
P'e-sence of hydrogen. 

The spectra of the gaseous nebula show bright lines on a 
d a.rk background. Some forty lines or more have been Oh 
served. Two of them are identical with lines of hydrogen ; and 
l " e re is also evidence of the presence of carbon, iron, cal- 
an< i probably magnesium. But the 'chief nebular line, 1 and 
an >other, have not yet been identified with those of any known 
te *"»-estrial substance. This hypothetical substance has 
le *"i*ied 'nebulum.' 

The presence of oxygen has been determined in the ipertra 
°f the stars $ Crucis and fl and « Canis Majori* ; alw hydrogen, 
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Sir David Gill thinks that the parallax of Rigel (/3 Ori 

is not greater than o'oi". Hence the star's distance is at 
twenty million times the sun's distance from the earth, 
journey for light of about 326 years ! — and yet it is one of 
brightest stars in the heavens 3 

Absolttte Size of the Stars.— As the stars show no 
perceptible disc — like the planets — even with the largi 
telescopes, 1 it is impossible to determine their actual size, 
even when their distance from the earth is known. In 
some cases, however, it is possible to make a probable 
estimate. Thus, in the case of a Centauri, we know tha 
our sun, if placed at the same distance as the star, would 
appear somewhat fainter than the star does to us (see? 
Appendix, Note F) ; and as the spectrum of the star's 
light is very similar to the solar spectrum, we may con- 
clude with much probability that it does not differ very 
widely from the sun in size and physical constitution. 
The star is a binary, or revolving double star, and from its 
orbit and parallax it has been computed that the mass 
of the system is about twice the mass of the sun. This 
confirms the conclusion derived from its apparent bright- 
ness and spectrum- 
It is now known that stars of the first or Sirian type are 
much brighter in proportion to their mass than those of the 
second or solar type. Thus, Sirius, which is also a binary star, 
has (with its faint companion) a mass of about three and a half 
times the sun's mass (the mass of the bright star being 2*36 
times the sun's mass). But Sirius is very much brighter than 
the sun would be if placed at the same distance. The sun 
would, I find, if placed at the distance of Sirius, shine as a 
star of below the second magnitude, or nearly four magnitudes 
fainter than Sirius. Stars of the Sirian type are therefore 
probably of larger size and less density than our sun. With 

1 A small apparent disc is visible in a telescope, but this is 
merely an optical effect, and is called ' the spurious disc. 1 
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nee to stars of the oiher types of spectra, we have no 
means of judging of their absolute sixe, as the distances of 
vtry few, if any, have been determined with any approach to 

certainty. 

Proper Motions. — Many of the stars have what is 
called a 'proper motion' — that is, a motion, apparent or 
= e real, on the background of the sky. The motion may 
be only apparent, and due to the sun's motion in space. 

Bit may be due to a real motion of the star itself. 
Probably in most cases both causes combine to produce 
the observed motions. These motions are, of course, 
very small, and can only be detected by telescopic 
observations j but they accumulate in the course of ages, 
and in some cases the change since ancient times has 
been so considerable as to become appreciable to the 
naked eye. The proper motions of the stars were first 
detected by Halley in 1715, and J. Cassini in 1718 found 
that while Arcturus had moved with reference to the 
ecliptic since earlier observations, the position of the star 
1? Bobtis was unchanged. 

The star with the largest proper motion known was for many 

years the star 1830 of Groomb ridge's catalogue, called 'the 

runaway star' by Professor Newcomb. It has a 'proper 

motion' of about seven seconds of arc per annum. But a star 

a still larger proper motion has recently been discovered 

by Mr, Innes and Professor Kapteyn. It is a star of the eighth 

magnitude in the Southern constellation Pictor, and has a proper 

motion of about &'?' per annum. Other stars with large proper 

morions are the following : Lacaille 9352 (7"5 magnitude), 

694" ; Cordoba 32,jt6 {85 magnitude), b'of' ; 61 Cygni (5'i 

magnitude), 5 - 2" ; Lalande 21,185 (7-3 magnitude), 476"); 

« Indi (52 magnitude), 4 "6 1 r ' ; Lalande 21,258 (86 magnitude), 

4 41" ; 4o(o 1 } Eridani (4*4 magnitude), 4'05" ; p Cassiopeia; 

(5 '- magnitude), 3*73". There are several others with proper 

motions of 3"/' to 2'o", and a large number with motions of 

ess than 2"o". 
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helium, and probably carbon and magnesium. Sir Willi; 
Huggins finds that in stars whose spectra show strong lines o»: 
helium, such as Rigel and Betlatrix, there are dark lines which 
probably coincide with the lines of nitrogen. These and some 
others belong to a subdivision of Class I. t known as ' the Orio-n 
type.' Professor Pickering divides each class into subclasses 
designated by capital letters. Class L is divided into sab- 
classes A, B, C, D, Class II. into E to L, Class III. is called M, 
and Class IV. N. 

Parallax and Distance of the Stars.— The distance of 
a star from the earth is found by measuring its parallax. 
The ' parallax ' of a star is the small angle subtended at 
the star by the radius of the earth's orbit round the sun» 
or, in other words, the mean distance between the earth 
and sun. This is the ' astronomical unit ' for all sidereal 
measurements. This small angle is found by measuring 
the apparent change of place in the position of a star 
caused by the earth's change of place in its annual 
motion round the sun. The measurements, which af e 
very difficult and delicate, are usually made at interva-l s 
of six months, when the earth is at opposite points of i"t& 
orbit. The parallax is always very small, showing th^-* 
the stars lie at a vast distance from the earth. 



There is no star known with a ' parallax ' of even one secon *^* 
of arc. The parallax of the nearest fixed star, « Centauri, l ^ 
only 075 of a second. From this the distance of the star i#~* 
miles is easily computed, and comes out about twenty-five anC* 
a half billions of miles — that is, twenty-five and a half million^ 
of millions of miles (see Appendix, Note E). The great 
majority of the stars are at such a vast distance from the 
earth that the parallaxes of only a few have hitherto been deter- 
mined with any approach to accuracy. The following are, 
perhaps, the most reliable parallaxes yet found : 
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For the ten brightest stars in the Northern Hemispheres, 
tt*e following parallaxes have been recently found at the Yale 
University Observatory (U.S.A.) : 





Parallax. 


Magnitude 
Harvard. 


Arcturus ... 


0*024" 


0*07 


Vega 


0*082 


O'lO 


Capella ... 


0081 


0*24 


Procyon ... 


0325 


047 


Altair ... 


0*231 


074 


a Ononis 


0*023 


094 8 


Aldebaran 


0*107 


1*07 


Pollux ... 


0*056 


125 


a Cygni ... 


-0*012 


1*25 


Regulus ... 


0*022 


1 '34 


1 See under • Prot 


er Motions.' 2 
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saw a Centauri double, and in 171 8 y Virginis wa^ 
doubled by Bradley and Pound. La Condamine, during 
his journey in Peru, saw a and £ Crucis double. 61 Cygni 
was seen double in 1753, and fi Cygni in 1755. 

Naked-eye Double Stars. — Among these may be 
mentioned the following : Mizar (referred to above as 
a telescopic double) has near it a small star known to 
the old Arabian astronomers as Alcor. This can be 
seen with ordinary good eyesight. Oj and o 2 Cancri are 
easily seen. The star a Capricorni consists of two stars 
which, although closer than Mizar and Alcor, are more 
equal in brightness, and can be easily seen with the naked 
eye on a clear night, f Ceti has near it a small star 
(X Ceti) easily visible, v Sagittarii has been already 
mentioned. 6 Tauri, in the Hyades, is another pair 
which some eyes can see without optical aid, and also 
k Tauri, a little north of the Hyades. o Cygni is another 
example. Near y Leonis is a star of the sixth magnitude 
which some can see with the naked eye. Perhaps the 
most difficult object for naked-eye vision is e Lyrae, the 
northern of two small stars which form a little triangle 
with the bright star Vega. This to some eyes appears 
double, but it is a difficult test. An opera-glass will 
show it distinctly. This is a very remarkable object, as, 
viewed with a good telescope, each of the components 
is a close double star, and there are several faint stars 
between the pairs. 

Telescopic Double Stars. — There are thousands of 
telescopic double stars now known, and the list is being 
constantly added to. Many of these may be seen in 
small telescopes of two to four inches in aperture, while 
many others are so close as to require the highest powers 
of the largest telescopes to show them as anything but 
single stars. Among these latter are included many 
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binary or revolving doable stars, which will be con- 
sidered further on. The ' position angles ' of double 
stars are measured from the north point of the ■ field of 
view ' round by east, south, and west, back to the north 
point again. In an astronomical telescope, in which the 
image is inverted, the north point is, of course, the lowest 
point in the ' field.' 

Among double stars visible with small telescopes of, say, 
three to four inches in aperture, the following may be men- 
tioned. They are given in order of right ascension, and the 
positions are for 1900. 

a Cassiopeia? : o h. 34/8 m., N. 56 <l o' ; magnitudes, 2, 9 ; 
position angle, 280* 2° ; distance, 63'2". Yellow, bluish. A very 
wide double star, but the companion is faint in small telescopes 

6 Eridani : 1 h. 36 m., S. 56 43'; 6, 6 ; 223 5 ; 773" (1900). 1 

y Arietis : 1 h. 48 m.. N. i8 a 49' ; 42, 4-4 ; 358-3° ; 832" 
(1896). White, yellow. 

a pisciurn ; i h. 56*9 m,, N. 2° 17'; rS, yg ; 3357"; 3'6". 
Greenish-white, bluish. 

y Andromed.u : I h. 58 m., N. 41° 51'j 3, 5; 65 '4° ; I03" 
(1898). Gold and blue. One of the finest double stars in the 
heavens. The companion is double ; but it is a binary or 
revolving double star, and has now closed up and become .1 
very difficult object in recent years. 

U Eridani : 2 h, 54*5 m,, S. 40 42' ; 3*5, 5*5 ; 84-9° ; 8*2 1". 
White, light yellow. A splendid double star ; one of the finest 
in the sky, but not visible in England. 

? Persei : 3 h. 478 m., N. 31 35'; 27, 9*3; 207 ' 6" ; 12-5''. 
Greenish-while, ash-coloured. Three other distant companions. 

c Persei: 3 b. $ri m„ N. 39 43'; 31, 83; 7"8° ; 8*81" 
(1900). Greenish, bluish- white. 

Orionis (Rigel) : 5 h. 97 m., 5. 8° tg' ; I, 8 ; 203'8° ; 928" 
(1902). White. The colour of the companion has been 
variously stated. 

1 Orionis : 5 h. 35 8 m., S. 2° o' ; 7, 57 ; 1557°; 2'4i" O900). 
White, olive. 
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a Gemtnorum (Castor) ! 7 h. 28'2 m., N, 32° 7' ; 27, 37 ; 
2257° j 5'6" (1900). This is in reality a triple star, the spectro- 
scope showing the brighter star to be a close double. 

y Leonis : 10 h. 14-4 m., N. 20 22'; 2, 3-5; 117-0°; 3*83" 
(1902). Yellow. 

y Centauri : 12 h. 36-0 m., S. 48 25'; 4, 4; 3557° ; i'54" 
(1902, Innes). Binary. 

y Virginis : 12 h. 36-6 ra., S. o° 54' ; 3, 3 ; 329/3 ; 589" 
(1902). Yellowish. 

12 Canum Venaticorum (Cor Caroli) : 12 h. 51*4 m., N. 38° 52' ", 
3-2, 57 ; 227-3° J 19 , 9". White. 

I Ursae Majoris (Mizar): 13 h. 19-9 m., N. 55 27'; 2"i, 4-2; 
I47 , 6°' ; 14-4". Greenish, white. The brighter star is a spectro- 
scopic double. 

a Centauri : 14 h. 32*8 m., S. 6o Q 25' ; 1, 2 ; 2ii'2° ; 21-63" 
(1902— Innes). Nearest star to the earth, and a binary ; period 
about eighty-one years (See). 

t Bootis : 14 h. 38 m., N. 27° 31' ; 3,6-3 ; 326-6° ; 281" (1900). 
Yellow, blue. A beautiful object, and a test for telescopes of 
moderate power. 

/3 Scorpii : 15° 59'6'rn., S. 19 31' ; 2, 5 ; 248° ; 13-6". Orange, 
pale yellow. Burnham found the brighter star to be a close 
double. 

a Herculis : 17 h. lO'l m,, N. 14° 30' ; 3, 61 ; II29 ; 4-75" 
(1899). Orange, green. 

70 Ophiuchi : 18 h. 0-4 m., N. 2 32' ; 4-5, 60 ;*246'9° ; i'6l" 
(1900). Yellow, purple. A well-known binary star, 

Vega (a Lyrae): 18 h. 34 m., N. 38 41' ; I, 10'J ; 159-8° ; 

Si-3" (1892). 

d Serpentis : 18 h- $f2 m., N. 4° 4' ; 4-5, 47 ; 103-8" ; 21 -6". 
Yellowish, white. A fine wide pair, 

y Corona? Australia : 18 h. 59-7 m., S. 37° 12' ; 6, 6 ; 139 ; 158" 
(1901). A binary ; period about 154 years ; angle decreasing. 

Cygni: 19 h. 267 yn., N. 27° 45'; 3, 53 ; 55-2°; 34'i9"- 
Yellow, blue. A fine object for a small telescope, 

e Draconis : 19 h. 48-5 m., N. 70 1' ; 4, 7-5 ; 354-5° j 2"8", 
Yellow, blue. 

y Delphini : 20 h. 42 m., N. 15 46' ; 4, 5 ; 270-6°; U"2" 
{1889). Gold and bluish-green. 
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61 Cygni: 21 h, 21 m. t N. 38 13'; 53, 59; 124*9° I 
(tgoo). The nearest star in the Northern Hemisphere. 

« Equulei : 21 h. 9*6 m., N, 9 102; 38 8° ; 27-4° 

The bright star is a close binary — one of the most rapid known. 

(j Cygni: 21 h. 39*6 m. N. 28 17'; 4, 5 ; 1 234'; -'59" 
(1900). White, bluish-white. 

? Aquarii : 22 h. 237 m., S. o° 32' ; 4, 4*1 I 324*0° ; 3*1* 
(iSoi). Pale yellow. Perhaps a binary star with a long period. 

rCephei : 22 h. 25*4 m. t N. 57 54'; 37-49, 5*3 J >9 2 'o° ' 
40"9"- Yellow, blue. The brighter component is a well-known 
variable star. 

The number of known double stars now amounts to several 
Thousands, and are being constantly added to. Most of the 
recent discoveries are, however, very close, and only to be seen 
with large telescopes. 

Triple Stars.— These are very interesting objects, and 
consist of three stars close together, instead of two. In 
some cases there is a physical connection between the 
stars. In others the connection seems to be only an 
optical one, the fainter stars probably lying far behind 
the brighter stars in space. 

The following are some interesting examples of triple stars : 

o 2 (4o) Eridani : 4 h. 107 m., S. 7° 47'; 4,9; 107-5°; ^S'f i 
9 again double : 9*1, io-8 ; 98-6° ; 2-6" ( r 89 1 ). A binary. Large 
common proper motion of about 4"i" per annum. 

15 Monoccrotis : 6 h. 35 '5 m., N. io° o' ; 6, 8 - 8, ii"2 ; 2i3 - 6°, 
>3 5 Q ; 2-8", 16-6". Green, blue, orange. 

12 Lyncis : 6 h. 37-4 m., N. 59 32" ; 5-2, 6"i, 7*4; H4"8° 
(1900), 304-2° j 1-48", 87". Greenish, white, bluish. The close 
pair is a binary ; long period. 

a Crucis : 12 h. 21 o m., S. 62 32' ; 2, 2, 6 ; H7"6°, 2or8° ; 
4'95". 89-8". This is the brightest star in the Southern Cross. 

JS Equulei : 21 h. 18 m., N. 6° 23' ; 5, 14, 15 3 3087 , 275 9 ; 
674", 86-3". A good test for a four-inch refractor; 14 is again 
double. 

Multiple Stars.— These consist of four or more com- 
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The following are good examples : 

9 Orionis : 5 h. 29 ra., S. 5 28' ; 6, 7, 7'5, 8 ; AB, 323° ; 8-7" ; 
AC, 131*3° J <2'9"; DC, 240-6° ; 13-3". This is the well-known 
'trapezium 1 in the great nebula in Orion. Near A is a faint 
star (Strove), and near C is another (Herschel), and there are 
other fainter stars in the group. The four bright stars can be 
easily seen with small telescopes. I have seen them with one- 
and-a-half inch (reduced aperture) in the Punjab sky, 

a Orionis : 5 h. 337 m., S. 2 39' ; 4'o, 9-5,6-8, 6*3 ; 236-5°, 
84-5°; n", 12-9". 6'8 and 63: 23o-8 , 30". Buroham found 
the bright star to be a close double and rapid binary. A second 
group and other faint stars are in the field. With a four-inch 
refractor in the Punjab, I saw ten stars in all, four in each 
group, and two faint stars between the groups. 

h 3780: 5 h. 34 m., S. 17 59'; 7, 8i, 9, 8, 12, n ; 67 , 
136-2°, 298-7°, 45-8°, 104-5° ! 78", 90", 125", 50", 90". A beauti- 
ful object for small telescopes. Burnham finds that two of these 
are close double stars in a large telescope. I have seen the six 
stars given above with a three-inch refractor in the Punjab. 
They lie about 6 m. to the east of the fourth-magnitude star 
a Leporis, which is itself a wide double star, 4, 9-55 156-1"; 
35-4". 

e Lyras : 18 h. 41 m., N. 39 30'; 4J, 44 ; 1729 ; 207-1". 
Visible in an opera-glass as a double star, and to some with the 
naked eye. Each star is again double with a two-and-a-half or 
three-inch telescope; e 1 , 46, 6-3; 12-5°; 3-4" (1900); «*, 4-9, 
5-2 ; 130-5°; 2-5" (1900). Between the pairs are three fainter 
stars, and other faint stars are near. 

8 Lacertse : 22 h. 31 m., N. 39° 6' ; 6, 6-5, 10-2, 8-5 ; AB, 
1857°; 22-5"; BC, 155-7° ; 28-2"; BD, 131-6°; 665". Espin 
sees a faint companion to D. 

Discovery of Binary Stars*— The credit of the dis- 
covery of binary or revolving double stars seems to be 
due to the Rev. John Michell, who about the middle of 
the eighteenth century deduced from abstract reasoning 
the probable existence of these revolving suns. The 
truth of this hypothesis was proved from direct observa- 
tion by Sir William Herschel, by whom they were acci- 
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dentally discovered towards the end of the eighteenth 
century while carrying out researches with a view to 
finding the distance of some double stars from the earth. 
' Instead of finding, as he expected, that annual fluctua- 
tion to and fro of one component of a double star with 
respect to the other — that alternate increase and decrease 
of their distance and angle of position which the earth's 
annual motion would produce — he observed in many 
cases a regular progressive change ; in some cases bear- 
ing chiefly on their distance, in others on their position, 
and advancing steadily in one direction, so as clearly to 
indicate a real motion of the stars themselves.' Careful 
measurements during a period of twenty-five years con- 
firmed the correctness of this discovery, and established 
the fact that in many of the double stars the components 
revolve round each other in periods varying in length, 
and in orbits differing — in most cases — widely from the 
circular form ; indeed, in some instances in such elon- 
gated ellipses as to bear more resemblance to the orbits 
of comets than to those of planets. 

Orbits of Binary Stars. — The first attempt at comput- 
ing the orbit of a binary star was made by Savary in 
1830, in the case of £ Ursas Majoris. In the same year 
the orbit of 70 Ophiuchi was computed by Encke. An 
orbit for 7 Virginis was computed by Sir John Herschel 
in 1833, and one for Castor in the same year. Since that 
time a considerable number of orbits have been com- 
puted for binary stars by various computers, including 
Aitken, Burnbam, Casey, Celoria,Doberck,Duner, Flam- 
manon, Glasenapp, Hind, Hussey, Jacob, Klinkenfues, 
Lewis, Mann, Powell, See, Villarceau, and the present 
writer. The calculation of a binary star orbit is a matter 
of considerable difficulty and trouble, and cannot be 
described here. The most important elements are the 
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period and the semi-axis major of the orbit, as from 
these the mass of the system can be found, if the star's 
parallax is known. 

An account of the principal results arrived at by astronomers 
may prove of interest to the reader. The binary stars described 
are given in order of right ascension. Recent measures of 
position are given when these are available. 

ij Cassiopeia - : : R.A., o h. 42*9 m., N. 57° 18' ; magnitudes 4 
and 7. Discovered by Sir William Herschel in 1779. Since 
that year numerous measures have been made, and several 
orbits have been computed, with periods ranging from 176 years 
by Dundr to 222 years by Doberck, Dr. See finds 19576 years, 
with an eccentricity of 0*5142 and an apparent mean distance 
(a) of 8*2" between the components. A parallax of OM54" was 
found by Otto Stiuve. This combined with See's elements gives 
the mass of the system about four times the sun's mass (see 
Appendix, Note H). Comstock, however, finds a period of about 
500 years, and a=iv£'. This gives a mass about 1*62 times the 
sun's mass. Position : 219*9° ; 5"2" (1899, at Greenwich Observa- 
tory). Spectrum, second type (F 8 G). 

r » Andromeda; : R.A., 1 h. 578 m., N. 41° 51' ; 55. 7- This 
is the companion of the well-known double star y Andromedse. 
A complete revolution has been described since its discovery by 
O. Stiuve in 1842. Burnham found a period of 54'8 years, See 
54*0 years, and Hussey 55 years — results in close agreement 
The eccentricity of the orbit is very high, about 0*857 according 
to See. Position : 1 14-8° ; o'4o" (1900, Greenwich), 

55 Tauri : R.A., 4 h. 14*3 m., N. 16 16 9' ; T° and 8*8. 
Hussey finds a period of 200 years. 1 Position: 61 '5° ■ 0-39" 
(1899, Greenwich). 

O- Struve 82 : R.A., 4 h. 17 m., N, 14 49"3'j 7*o and 9*0. 
Glasenapp found a period of 158*4 years, Hussey 97*94 years, 
and the present writer 90*54 years. Position : I23 , 8° ; 0*5 1" 
(1899, Greenwich). 

Sirius(aCanis Majoris) : R.A.,6h. 40*4 m., S. 16 34'; brighter 
than 1, and 10. Some irregularities in the proper motion of 
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this brilliant star led Bessel, in 1844, to suggest the probable 
existence of a disturbing body near Sirius, and Peters, in 1857* 
calculated a hypothetical orbit for the supposed companion. 
He found a period of about fifty years, with an ellipse of large 
eccentricity (nearly o'8). An investigation was also made by 
Safford in 186 1, which indicated the probable position of the 
companion, and in 1862 it was discovered by Alvan Clark close 
to the position assigned by Safford. 1 In 1864 Auwers computed 
an orbit and found a period of 49-4 years, with an eccentricity 
of over 0*6. Several other orbits have since been computed, 
with periods ranging from 48 - 84 to 5847 years. See finds 52"2 
years, with an eccentricity of 0*620, the orbit being very similar 
to one found by Burnham. From his own orbit and Gill's 
parallax of o'38", See finds the mass of the system tp be 3"473 
times that of the sun, the mass of the bright star being 2 "360, 
and that of the faint companion 1*113, times the sun's mass. 
The large mass of the faint star is very remarkable. Assuming 
its magnitude at 10 and the magnitude of Sirius at - r62, as 
measured at Harvard, we have a difference of 1 r62 magnitudes 
between the bright and faint star. This denotes that Sirius is 
44,470 times brighter than its companion, and, judging from its 
large mass, the faint star must be a comparatively dark body. 
Spectrum, first type (A, Pickering). 

Procyon (a Canis Minoris) : 7 h. 34'! m„ N. 5 29' ; 0-47, 13. 
As in the case of Sirius, irregularities in the proper motion of 
Procyon were noticed by Bessel in 1844 and by Madler in 1851. 
In 1S74 Auwers computed an orbit and found a period of about 
40 years (39972). In the years 1888 and 1890 Burnham 
failed to see any close companion with the thirty-six-inch 
refractor of the Lick Observatory, but in 1896 it was discovered 
by Schaeberle with the same instrument, when it was farther 
from the bright star. Dr. See has computed an orbit, and finds 
a period of 40*0 years. He finds the mass of the system to be 
6 times the sun's mass, the masses of the components being in 
the ratio of 5 to I. With Elkin's parallax of o'266", the semi-axis 
major of the orbit (or the mean distance between the components) 
is 2i'2 times the earth's distance from the sun, or a little greater 

1 This reminds one of the discovery of Neptune. 
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than the distance of Uranus from the sun. As in the case of 
Sirius, the faint companion has about the same mass as the sun, 
and must therefore be a comparatively dark body. The 
spectrum of Procyon is of the second type (F 5 G, Pickering). 
Position : 326*0° ; ^83," {Schaeberle, 1S98). Angle and distance 
increasing, 

9 Argus: 7 h. 471 m., S. I3 3,8'; 57, 63. Both yellow. 
Discovered by Burnham in 1873. A close and difficult double 
star. Glasenapp found a period of 40} years, Burnham 23*3 
years, and See 22*0 years, with an eccentricity of 070. The 
shorter periods seem to be nearer the truth. The spectrum is 
of the second type (E, Pickering). Position ; 295"0.° j o - 32" 
(1899, Greenwich Observatory). 

£ Cancri (AB): 8 h. 62 m. t N. 17° 58' ■ 5-5, 6'2. Both yellow. 
Discovered by Sir William Herschel in 1781. Numerous orbits 
have been computed, the periods ranging from 42^ to 62A 
years. See finds 60 years, and this is probably not far from the 
truth. Professor Seeliger has investigated the motion of this 
system (which is triple, or perhaps quaternary), and finds that to 
make the observations agree with theory it is necessary to assume 
that the third star is in reality a very close double, the components 
of which revolve round their centre of gravity, and both round 
the centre of gravity of the components of the close pair. This 
hypothesis is, however, disputed by Burnham. The spectrum 
is of the second type (F 8 G, Pickering). Position : $'8° ; 1-07" 
(1900, Greenwich). 

wLeanis " 9 h. 23*1 m., N. 9 30' ; 6, 7. Both yellow. Dis- 
covered by Sir W. Herschel in 1782. Various orbits have been 
computed, with periods ranging from 82 £ to 227I years. See 
finds n6'2 years, with an eccentricity of 0*537. The spectrum 
is of the second type (E, Pickering). Position: ir.4'3 ; C62" 
(1900, Greenwich). 

* Ursae Majoris : 9 h. 453 m., N. 54 33' ; 5-5, 5-5. Both 
yellowish. Discovered by O. Struve in 1842. A period of 115 
years was found by Casey, and 91*92 years by Glasenapp. See 
finds 97 years. Spectrum first type (A, Pickering). Position : 
2847 ; o - 27 ,f (1900, Greenwich). 

$ Ursse Majoris : rr h. 12-9 m., N. 32 6' 3. 4, 5. Yellowish, 
Discovered by Sir W. Herschel in 1780. A well-known binary 
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star, for which a number of orbits have been computed, with 
periods from 58^ to 6iJ years. See finds 60 years, with an 
eccentricity of 0*397. The spectrum is of the second type (G, 
Pickering). Position : 151*7*; 2'I7" (1900, Greenwich). 

O. Strove 234 : 11 h. 25 4 m., N. 41 50' ; 7, 7'8. Yellowish, 
An orbit computed by the present writer in 1886 gave a period 
of 63-45 years. See finds 77 years. Spectrum second type (S :'.). 
Position : I34"2° ; 0-34" (1899, Greenwich). 

O. Struve 235 : 1 1 h. 267 m., N. 6i° 38' ; 6, 7-8. Yellowish. 
Doberck found a period of 94-4 years, See finds 80 years, and 
Hussey 66 years. Spectrum second type {F, Pickering). Posi- 
tion : 1209 ; 0*58" (1900, Greenwich). 

Struve 1639 Coma Berenices : 12 h. 19*4 m., N. 26 8' ; 67, 
7'g. Lewis finds a period of 180 years, with an eccentricity of 
070. 1 The spectrum is of the first type (A). Position : iBo'i ; 
015" (1900, Greenwich). 

y Centauri : 12 h. 36 m,, S. 48 a 25' ; 4, 4. Yellowish. An 
orbit computed by the present writer gave a period of 6l"88 
years ; See finds 88 years, with an eccentricity of 0-800. Posi- 
tion : 3557 * i'54" (1902, Innes), 

y Virginia : 12 h. 366 m. t S. o° 54' ; 3, 3 - 2. Yellow. This 
famous binary star was discovered by Bradley and Pound in 
the year 1718, and it has been frequently measured since by 
observers of double stars. Numerous orbits have been com- 
puted, with periods ranging from 14 [| to 628 years. Calcula- 
tions in recent years vary from 175 to 194 years, found by See. 
The eccentricity is very high, between o"8 and 0*9, according to 
all computers, and is the largest known among binary stars. In 
fact, the orbit is more like that of a comet than a planeL An 
entire revolution has been nearly completed since its discovery, 
so the orbit is now well determined. The component stars are 
at present nearly at their greatest distance apart, and the pair 
forms a fine object for small telescopes. From spectroscopic 
measures of motion in the line of sight, Belopolsky finds a 
parallax of 0051", and a combined mass equal to 15 times the 
mass of the sun. The spectrum is of the first type (A, Picker- 
ing). Position : 329*3° ; 589" (1902). 

42 Comte Berenices : 13 h. 5'i m., N. 18 4' ; 6, 6. Orange. 




28 



THE STELLAR HEAVENS 



A fast-moving binary, the period being about 25^ years. The 
plane of the orbit is in the line of sight, so that the apparent 
motion is wholly in the distance, the position angle remaining 
nearly constant. Spectrum of the second type (F), Position : 
205*0° ; o'33" (1900, Greenwich). 

O. Struve 269 : 13 h. 28"3 m., N. 35 46' ; 7-3, 77. Yellowish. 
This close and difficult binary star has performed a complete 
revolution since its discovery by Otto Struve in 1844. An orbit 
computed by the present writer in 1891 gave a period of 477 
years j Burnham finds 48*4, and See 48"8, years — results in fairly 
close agreement. Spectrum of the first type (A). Position ; 
2i8'5" ; 0-30" (1900, Greenwich). 

25 Canum Venaticorum : 13 h. 33 m., N, 36 48'; 5, 8-5. 
White, blue. Doberck found a period of about 120 years, and 
See 184 years. The eccentricity of the orbit is very highj about 
075. Spectrum of the first type (A). Position : 1297 ; o"88" 
(iqoo> Greenwich). 

1 Centauri : 14 h. 326 m., S. 6o° 25' ; 050, 175. Both 
orange yellow. This famous binary star — the nearest of all the 
stars to the earth— was discovered by Richaud in India in 
December, 1689. Numerous observations of it were made in 
the eighteenth and nineteenth centuries, and the orbit has now 
been well determined. A number of orbits have been computed, 
with periods ranging from 75 to 8S± years. From a recent 
investigation, See finds a period of Sri years, which cannot 
be far from the truth. The apparent orbit is very elongated. 
Assuming Gill's parallax of 075", See finds that the mass of the 
system is twice the sun's mass (see Appendix, Note H). The 
mean distance between the components is a little greater than 
the distance of Uranus from the sun, but owing to the eccen- 
tricity of the orbit (o - $28) this distance varies to a considerable 
extent. Although the components differ a good deal in bright- 
ness, their masses are nearly equal. Spectrum of the second 
type (G). Position : 2ir2° ; 21-63" (1902, Innes). 

O. Struve 285 : 14 h. 417 m., N. 42° 48' ; 7-5, 7-6. Yellowish, 
whitish. A close and difficult double star. A period of r rS'5 
years was found by the present writer in 1893, but Burnham 
finds 62 years, and See 76J years. Position: i24 - 5° ; o - 26" 
(1900, Greenwich). 
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C Boons 14 h. 46*8 m., N. 19 31' ; 4*5, 65. Yellow, purple, 
ivered by Sir William Herschel in 1780. Several orbits 
have been computed for this fine pair, the periods ranging from 
117 to 172 years (Comstock). See finds 128 years. The eccen- 
tricity is high, 0721 according to See's orbit. Spectrum second 
type (G). Position : 198-2° ; 2 98" (1900). 

t) Coronae Borealis : 15 h. 191 m., N. 30" 39' ; 55, 6. Both 
yelloxvish. Several orbits have been computed, with periods of 
40 to 67 years. Comstock and See both find 41 '6 years, which 
must be very near the truth. Nearly three revolutions have 
now been described since its discovery by Sir W. Herschel in 
1781. Spectrum of the second type (F). Position : 1*3° ; 0-63" 
(1900, Greenwich). 

Rootis ; 15 h. 207 s., N. 37 43' ; 6-5, 8. Both white. 
Several orbits have been computed, with periods of 146^ to 314 
years. See finds 219*42 years. Spectrum first type (B). Posi- 
tion : 69'3 5 ; 086" (1900, Greenwich}. 

O. Struve 298 : 15 h. 32-4 m., N. 40 10' ; 7, 74. Both 
yellowish. A small double star, near ^ Bootis. Periods of 5r 
to 68 - 8 years have been computed. See finds 52 years. A 
complete revolution has now been described since its discovery 
by Otto Struve in 1845. Position : i8o - 6° ; 1-03" (1900, Green- 
wich). 

y Corona Borealis ; 15 h. 38-5 m., N. 26° 36' ; 4, 7. Yellow, 
blue. Orbits have been computed with periods of 73 to 95 \ 
years. The inclination is very high, and the apparent orbit very 
elongated. Spectrum of the first type (A). Position: ii6"i° ; 
o - 48" (1900, Greenwich). 

Z Scorpii : 15 h. 59 m.» S. n° 5' ; 5, 5*2. Both yellow. A 
remarkable triple star- Several orbits have been computed for 
the close pair, with periods of 49 to 105 k years. The longer 
period seems more correct. The eccentricity is small, but the 
inclination of the orbit plane is high, and the apparent orbit 
rather elongated. A full revolution has been completed since 
its discovery by Sir W. Herschel in 1781. All three stars have 
a common proper motion, and probably form one system, but the 
motion of the third star is very slow. Position : 2i3"4° ; o"8i" 
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bluish. Various periods have been found, ranging from 195 to 
846 years. See finds 370 years. Spectrum of the second type 
(E), Position : 212-6° ; 4*34" (1899, Greenwich). 

£ Herculis : 16 h. 37-6 m., N. 31 47' ; 3, 64. Yellow, bluish 
or reddish. This is a fast-moving binary, and a number of 
orbits have been computed, with periods of 30 to 36^ years. 
See rinds 35 - o years. A period of 35*55 years was found by 
Doolittle in 1899, and from a careful discussion of a!) the 
observations to 1900 Lewis finds periods of 3i"i to 35T years. 
He computes the probable parallax of the star at 0*14", and the 
combined mass of the system o"8g that of the sun. He thinks 
there is evidence to show that the companion varies in brightness 
from 6"5 to 7' 5, and its colour from red to blue. 1 He also thinks 
that the primary star may possibly be a close double. Three 
complete revolutions have been performed since its discovery 
by Sir W. Herschel in 1782. The spectrum is of the second 
type (G, Pickering). Position : 224'i° ; 0-95" (1900, Greenwich). 

§ 416 : 17 h. 121 m., S. 34 52' ; 6-4, 7*8. Both yellowish. 
A fast-moving binary, discovered by Burnham, who finds a 
period of 24*7 years. Glasenapp finds 32'23 and 34*85 years, 
See 33*0 years, and the present writer 34*48 years. The longer 
periods seem to be near the truth. Position: 320*0°; 1*30" 
(1895, See). 

Struve 2173 : 17 h. 25*3 m., S. o° 59' ; 6, 6. Both yellow. 
This is another fast-moving binary, the period being about 
46 years. The eccentricity of the orbit is comparatively small, 
but the inclination of the orbit being high, the apparent orbit is 
very elongated. Spectrum second] type (F ?). Position : 329*5° ; 
f'Ol" (1900, Greenwich). 

r Ophiuchi : 17 h. 576 m., S. 8° n r ; 5,6. Both yellowish. 
Several orbits have been computed, with periods of 87 to C30 
years. The longest period seems to be the best. Spectrum 
second type (F). Position : 2577° ; 1*29" (1900, Greenwich). 

70 Ophiuchi : 18 h. 0*4 ra., N, 2 <s 32' ; 4*5,6. Yellow, purplish. 
This well-known binary star was discovered by Sir W. Herschel 
in 1779, and has been well observed since that time. Numerous 
orbits have been computed, with periods of 73I to 98 years. 



DOUBLE, MULTIPLE, AND BINARY STARS 31 

An orbit computed by the present writer in 1888 gave a period 
of 8784 years, and this has been confirmed by the subsequent 
calculations of Burnham and Mann. See found 8770 years. 
The orbital motion seems to be somewhat disturbed, possibly by 
the attraction of an invisible body. With a parallax of o"i62" 
round by Krueger, Dr. See finds that the combined mass of the 
system is about 283 times that of the sun. Spectrum second 
type (K). Position : 246*9° ; i"6i" {1900, Greenwich). 

99 Herculis : 18 h. 32 nv, N- 30° 33'; 6, 117. Yellow, 
purple. For this close and difficult pair the present writer 
fuund a period of 53*55 years. See finds 54*5 years, and Aitken 
63 years. The eccentricity is very high, about 078 according 
to See. Spectrum of the second type (F), Position : 309*5° * 
C98" (1899, Greenwich). 

I Sagittarii ; 18 h. 56*3 m., S. 30° 1'; 3*9, 44. Both yellow. 
In the year 1886 the present writer computed an orbit and found 
a period of 1869 years. Froley, in 1893, found 17715 years, 
See finds 1885, and Aitken 21-17 years. Position: 517 ; 
043" ((1902, Tunis). 

y Coronae Australia : 18 h. 59-6 tru, S. 37 12' ; 55, 5-5. Both 
yellowish. Several orbits have been computed for this Southern 
binary star, with periods from 55 to 154*41 years. The latter 
period was computed by the present writer in 1892. Dr. See 
finds a very similar orbit, with a period of 152*7 years, and these 
orbits represent the measures satisfactorily. Position : 139° ; 
.SS"(I90I). 

£ Delphini : 20 h. 32*9 m., N. 14° 15' ; 4,6. Both yellowish. 
Discovered by Burnham in 1873. Several orbits have been 
computed, with periods ranging from i6'95 years, found by 
Celoria, to 30*91 years by the present writer. See finds 27*66 
years. Spectrum second type (F 5 G). Position : g'S" ; 0*63" 
(1900, Greenwich). 

4 Aquarii : 20 h. 46' 1 m., S. 6° o' ; 6, 7. Both yellow. 
Doberck finds a period of '29*8 years, and See 129 years. 
Spectrum of the first type (A). Position : 1982; 0*24" (1899, 
Greenwich). 

5 Equulei : 21 h. 9*6 m., N. 9" 6' ; 4*5, 5*0, Both yellow. 
A very rapid binary, for which Wroublewsky found a period of 
1 148 years, and See 1 145 years. Hussey thinks, however, that 
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the period is probably only one half of this, or about 57 years, 
and he has computed an orbit with this period. 1 Several revolu- 
tions have been described since its discovery by Otto Struve in 
1852. Spectrum second type (F, Pickering). 

k Pegasi : 21 h. 401 m., N. 25° 11' ; 4-3, 5-0. Both yellowish. 
Another very rapid binary, discovered by Burnham in 1880, 
Dr. See finds a period of 11-42 years. This and & Equulei have 
the shortest periods at present known among binary stars, the 
components of which can be separately seen in large telescopes. 
In the so-called 'spectroscopic binaries' (see next section) the 
components are not visible — with the possible exception of 
Capetl a, which has been elongated at Greenwich. The spectrum 
of c Pegasi is of the second type (F 5 G). {It is also a spectro- 
scopic binary.) Position : 3$I*S° ; o'i4" (1900, Greenwich). 

85 Pegasi : 23 h. 56-9 m., N. 26 34' ; 6, 10. Yellowish, 
bluish. A close and difficult double star, discovered by Bum- 
ham in 1878. Schaeberle found a period of 22*3 years, Glasenapp 
17-487 years, See 240 years, and Burnham 257 years. The 
pair have a large proper motion, for which the present writer 
found 1*22 1" in the direction of position angle 141 "2°. The 
spectrum is of the second type (E, Pickering). Position: 
204-8°; o75"(i&95>- 

Mr, Monck finds that, of the binary stars for which orbits have 
been computed, those showing the solar type of spectrum are 
much more numerous than those with the Sirian type. This 
would suggest that the solar stars are nearer to the earth than 
the Sirian. 

Spectroscopic Binaries. — A new class of binary stars 
been discovered in recent years by the aid of the 
spectroscope. These have been termed * spectroscopic 
binaries,' and are supposed to consist of two component 
stars so close together that the highest powers of the 
largest telescopes fail to show them as anything but 
single stars. Indeed, the velocities indicated by the 

1 * Publications of the Lick Observatory, 3 vol. v., 1901, p. 208. 
Recent measures by Aitken seem to confirm the short period 
found by Hussey. 
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spectroscope show that they must — in most cases, at 
least — be so close that the components will probably for 
ever remain invisible in the most powerful telescopes 
which could be constructed by human powers. By 
means of the spectroscope we can determine the rate in 
miles per second at which a star is approaching the earth 
or receding from it (as we explained under the head of 
Proper Motions). If, then, a star, apparently single in 
the telescope, consists in reality of two close companions 
revolving round each other in a short period, we can find 
in some cases the relative velocity of the components, 
although we may know nothing of the star's distance 
from the earth. For suppose the plane of the star's orbit 
to pass through the earth, or nearly so. Then when the 
line joining the components is at right angles to the line 
of sight, one of the stars will be rapidly approaching the 
earth and the other' receding ; consequently all the dark 
lines in the spectrum of the first star will be displaced 
towards the blue end of the spectrum, while those of the 
other will be shifted towards the red end. Each line 
will therefore appear double, and from the observed dis- 
placement the relative velocity can be easily computed. 
When the motion becomes perpendicular to the line of 
sight — that is, when the two stars are in a line with the 
earth — the motion to and from the eye ceases, and the 
lines again become single. We have, then, merely to 
find the times at which the lines appear single and double. 
As the lines will evidently double twice during each com- 
plete revolution, we must double the observed interval in 
order to obtain the period of revolution. The velocity 
and period thus found enable us at once to compute the 
actual dimensions of the system in miles, and its mass 
with reference to that of the sun, although the star's dis- 
tance from the earth remains unknown. If one of the 
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component stars is a dark body — as is the case in some 
of these systems — there will, of course, be only one set of 
lines in the spectrum, and the lines will then be merely 
shifted from their normal position, not doubled. This 
occurs in the case of Algol, the famous variable star, and 
in some other stars of the Algol type. These will be 
considered in the next chapter. Professor Campbell 
thinks that these spectroscopic binaries are probably 
quite as numerous in the sky as those in which the corrx*" 
ponents are visible in the telescope. 

The following are some stars which have been found doubl 
with the spectroscope ! 

The Pole Star : Period, 3 - g683 d.=3 d. 23 h. 14 in. 21 s. Th< 
existence of a third star is suspected. The orbit is nearly circu 
lar, and about the size of the moon's orbit round the earth. 

Capella (a Aurigae) : Period, 104 days. Orbital velocity, abouC 
i8"6 miles a second. Attempts to see the star visually double 
with the great Lick telescope have failed, but several observers 
at the Greenwich Observatory have seen the star * elongated ' 
with the twenty-eight-inch refractor. The observed changes in 
the relative position of the components agree well with the 
period of 104 days found with the spectroscope- The orbit is 
nearly circular. Assuming that the plane of the orbit passes 
through the earth, Vogel finds that the mass of the system is 
about 2'3 times the sun's mass, and the distance between the 
components about 53^000,000 miles. 1 Professor Campbell finds 
that one component has a spectrum of the solar type, and the 
other seems to show the hydrogen line Hy and the principal 
tines of iron. 

ffOrionis: Period, ro. days. Orbital velocity, 42 miles a 
second. Spectrum B. 

p Aurigee : Period, 3*98 days. Velocity, 74 miles a second. 
Distance between components, about 8,000,000 miles. Mass of 
the system, about 5^ times that of the sun. Spectrum second 
type (G). 



Astrophysicai Journal, June, 1900, p. 389, footnote. 
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f Geminoram : A well-known variable star. Period of revolu* 
lion, 1015 days. Velocity, about 8 miles a second. The time of 
periastron passage does not coincide with the time of minimum 
brightness. Spectrum second type (G). 

Geminorum) : Period, 2"$ii days. Companion a 
Mass of the system very small. Spectrum first 



Velocity, 34 miles a second. 



Castor (a 
dark body, 
type (A). 

f Leonis ; Period, 14*5 days, 
Spectrum II (H). 

i" Ursse Majoris (Mizar) : The brighter component of this 
wide double star was discovered to be a spectroscopic double at 
Harvard Observatory in 1889. The period was found to be 
about 104 days ■ but Dr. Eberhard has since found a period of 
about 206 days. 1 Spectrum first type (A). 

Spica (o Virginis) : Period, about 4 days. Velocity, 55 miles 
a second. Companion dark or nearly so. Vogel finds the mass 
of the system about 26 times the sun's mass, and the distance 
between the components about 6,500,000 miles. The system is 
approaching the earth at the rate of 9*2 miles a second. ' Taking 
the most probable view of the star's parallax, the angular separa- 
tion of the stars would be o"oi4", a quantity far too small to be 
detected by the most powerful telescopes.' Spectrum first type 
(B 2 A). 

i Centauri : Period, 8*024 days. Spectrum I {B 2 A, Peculiar, 
Pickering). 

S Libras : This Algol variable is a spectroscopic binary with a 

righ velocity. Spectrum A. 
t Scorpii : Period, 1*571 days. Spectrum I {B 2 A, Pickering). 
6 Draconis : Period, 9 days. Velocity, 1 5 miles a second. 
Spectrum F8 G. 
X Draconis : Period, 281* 8 days. Spectrum F 8 G. 
P Scorpii : Period, I "45 days. Velocity, 142 miles a second. 
Mass about 14 times the sun's mass. Spectrum I (B 3 A, 
Peculiar, Pickering). 

J3 Lyrse : The well-known variable star. Period, 12 '91 days. 
Velocity, 1 12 miles a second. Keeler and Vogel agree that the 
supposed orbit is incompatible with the occurrence of eclipses — 



Astrophyskal Journal, June, 1901. 
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as in the case of Algol. Vogel, however, is 'convinced that 
(8 Lyra? represents a binary or multiple system, the fundamental 
ii/'. ulutions of which in 12 d. 22 h. in some way control the light 
change, while the spectral variations, although intimately asso- 
ciated with the star's phases, are subject to complicated disturb- 
ances, running through a cycle perhaps measured by ye 
G. W. Myers finds that the mass of the larger component is 
probably 21 times that of the sun, and that of the smaller 
g| times the solar mass. The mean density of the system is 
about the same as that of our atmosphere, so that the com- 
ponents are ' in a nebulous condition.' They revolve nearly in 
contact, and are probably surrounded by extensive atmospheres. 
Spectrum B 2 A (Composite). 

ij AquiUe : Period, 7 - i8 days. Velocity, 12 miles a second. 
This is also a well-known variable star, and, like j9 Lyras, the 
times of observed minima of light do not agree with the times 
of supposed eclipse in the computed orbit. Spectrum G. 

k Pegasi : This short- period binary star has been found to be 
also a close spectroscopic binary, but it is not possible to say 
at present which of the two components is the spectroscopic 
binary. Spectrum F 5 G. 

1 Pegasi : Period, 10*2 days. Velocity, 27 miles a second. 
It is a suspected variable. Spectrum F 5 G. 

a Cephei : This well-known variable star is also a spectro- 
scopic binary, with a period of 5*37 days, and, like n Aquilae, 
the orbital motion does not account well for the light changes. 
Spectrum G. 

ij Pegasi : Period, 818 days. Velocity, 8'8 miles a second. 
Spectrum G. 

X Andromeda: : Period about 19/2 days. Velocity, about 
5| miles a second. Small mass. Spectrum II (K, Picker- 
ing). 

Lacaille 3105 : R.A. 7 h. 55-3 m-, S. 48° 58'. Period, about 
3 days. Magnitude, 4*50. One component slightly brighter 
than the other. Relative velocity about 380 miles a second ! 
and mass about 70 times that of the sun. This is a very 
remarkable object, and its distance from the earth is probably 
very great It is the Algol variable V Puppis (which see). 
Spectrum B I A. 
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<t> Persei : Variable velocity from + 24 kilometres to -12 kilo- 
metres. Spectrum B, Peculiar. 

9 Geminorum : Variable velocity from +14 kilometres to 
-25 kilometres. Spectrum Ma. 

a Equulei : Variable velocity from - 26 kilometres to - 2 kilo- 
metres. Spectrum F 8 G, Composite. 

Out of 350 stars examined by Professor Campbell, forty-one 
proved to be spectroscopic binaries, and he thinks that eventually 
'it will be found that a star which is not a spectroscopic binary 
is a rare exception.' 



CHAPTER III 

VARIABLE STARS 

Variable Stars— Classes of Variables — Temporary Stars 
— Long-Period! Variables — Irregular Variables — 
Short-Period Variables — Algol Variables — Cluster 
Variables — Suspected Variables — Method of Obser- 
vation. 

Variable Stars. — To ordinary observation the light of 
the stars seems to be constant^ and in most cases the 
brightness is — apparently, at least— invariable. There 
are, however, numerous exceptions to this rule, and these 
are known as * variable stars ' — a most interesting class 
of stellar objects. In some of these curious objects the 
light varies to a very considerable extent, the star being 
at times visible to the naked eye, and at others invisible 
except in a powerful telescope. In some the variation 
is small, in others irregular. Some have long periods 
between their maxima or minima of light ; in others the 
period is only a few days, or even hours. Very few of 
the variable stars show any parallax or proper motion, and 
therefore probably lie at a great distance from the earth. 

Classes of Variables. — The following classification 
of the variable stars has been proposed by Professor 
Pickering, of the Harvard College Observatory (U.S.A.) : 

Class I. — Temporary or new stars. 
[38] 
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Class II.— Stars undergoing large variations of light 
in periods of several months. 

Class III. — Irregularly variable stars undergoing but 
slight changes of brightness, as a Orionis (Betelgeuse). 

Class IV. — Variable stars of short period, like b Cephei, 
«1 Aquila?, (3 Lyra?, etc. 

Class V. — 'Algol stars' — those which, like Algol, 
undergo at regular intervals a diminution of light lasting 
for a few hours only. 

' Secular variation ' is a term which has been applied to 
the supposed increase or decrease of light in certain stars 
to the course of ages. Some probable cases of this kind 
will be considered in the section on Suspected Variables. 
Temporary or New Stars* — -There are stars which at 
intervals in the history of astronomy have suddenly blazed 
out, sometimes with a brilliancy rivalling, or even sur- 
passing, the brightest stars in the heavens, and, after 
remaining visible for some days or weeks (or in some 
cases months), have either entirely disappeared or become 
very faint objects in the telescope. In some cases the 
star has faded into a small planetary nebula. These 
extraordinary objects are termed nova, or ' new stars.' 
They are also called * temporary stars,' to express their 
short duration of brilliancy. 

The following are some details of these remarkable objects. 
The first temporary star of which we have a reliable account is 
one recorded in the Chinese annals as having appeared in the 
year 134 B.C. in the constellation Scorpio. Pliny tells us that it 
was the sudden appearance of a new star which led Hipparchus 
to form his catalogue of stars, the first ever formed. As the date 
of Hipparchus' catalogue is 125 B.C., it seems very probable that 
the star referred to by Pliny was identical with that mentioned 
by the Chinese as having been seen nine years previously. 

A temporary star is said to have appeared in the year 76 B.c. 
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between the stars a and & in the ' Plough ' (Ursa Major), but no 
details are recorded. 

In the year 101 A.D. a small 'yellowish-blue' star is recorded 
in the well-known 'sickle in Leo,' but the description leaves its 
exact position uncertain. 

In 107 A.D. 'a strange star' is recorded near S, c, and 
ij Canis Majoris, and another in 123 A.D. near a Herculis 
and a Ophiuchi. 

A bright star is recorded in the Chinese annals as having 
appeared on December io, 173, between the bright stars a and 
p Centauri in the Southern Hemisphere. It is said to have 
remained visible for seven or eight months, and is described as 
resembling a 'large bamboo mat* I The description, although 
very vague, seems to imply that it was of great brilliancy. 
Close to the spot indicated is a remarkable variable star, 
R Centauri, 1 which may possibly be identical with the star of 
the Chinese annals. 

'Strange stars' are mentioned in the years 290, 304, and 
369 a.d., but the accounts are very vague and their position 
uncertain. In the year 386 a.d. a new star was seen near \ *i, 
and ^ Sagittarii. As the place indicated is near the position of 
a star which was observed by Flamsteed— 65 Ophiuchi — now 
missing, it has been thought possible that Flamsteed's star may 
have been a return of the star recorded in the Chinese annals. 

In the year 393 a.d. a strange star is recorded near /*- Scorpii, 
and another in 561 a.d. near a Crateris. A known variable and 
red star — R Crateris — lies close to the latter position! 

In 829 A.D. the Chinese annals note a star somewhere near 
Procyon (a Canis Minoris). 

An extraordinary star is recorded as having appeared near 
^Sagittarii in the year 101 1 A.D., and another in 1203 near 
M 5 Scorpii. The number of these objects recorded in this part 
of the sky is very remarkable. 

Hepidannus mentions a star in Aries in 1012 as being of 
astonishing size and ' dazzling the eye' ! 

Temporary stars are mentioned as having been seen in 



1 See section on Long-Period Variables. 



VARIABLE STARS 



41 



1054 A.D. south-east of the star f Tauri, and in 1139 near 
* Virginis, but the accounts are very vague. 

In the year 1572 a very remarkable temporary star blazed 
out in Cassiopeia, and was well observed by Tycho Brand, who 
has left us an elaborate account of it. According to Admiral 
Smyth, it was discovered by Schuler at Wittenberg on August 6, 
1572, and was seen by Hainzel at Augsburg on August 7.' It 
seems to have been also seen by Lindauer at Winterthur on 
November 7, by Maurolycus on the following evening, and by 
Cornelius Gemma on November 9. Tycho Brand, whose name 
is usually associated with the star, did not see it till Novem- 
ber 11, It was then brighter than Jupiter, and equal to Venus 
at its maximum brilliancy. It was even visible in daylight in a 
clear sky. It slowly diminished in brightness, and in March, 
1 $74, had completely disappeared — at least to the naked eye. 
It was situated about ii° north of e Cassiopeia;, the faintest 
stars in the well-known ' Chair.' Within one minute of arc of 
the position given by Tycho Brahe* is a star of about the eleventh 
magnitude, which is said to show signs of variable light. The 
exact position of this wonderful nova, reduced to 1900, is R.A. 
oh. 19 m. 15 s., N. 63 D 35'5'. 

Another very brilliant new star was observed by Kepler in 
October, 1604, in Ophiuchus, and described by him in his work 
'De Stella Nova in Pede Serpentarti.' The planets Mars, 
Jupiter, and Saturn were near each other in this region of the 
heavens (a few degrees south-east of the star if Ophiuchi), and 
on the evening of October 10, Brunowski, one of Kepler's pupils, 
noticed that a new and very brilliant star was added to the 
group. When first seen it was white and exceeded in brilliancy 
Mars and Jupiter, and was even thought to rival Venus in 
brightness I It slowly diminished, and in six months was not 
equal in lustre to Saturn. In March, 1606, it had entirely 
disappeared. It was also seen by Galileo. Its position, reduced 
to 1900, is in R.A. 17 h. 24 m, 38 s., S. 21 237'. 

In the year 1612 a new star is said to have appeared in 
Aquila. Klein thinks that this is identical with one mentioned 
by the Chinese in 1609. 
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In 1670 a star of the third magnitude was observed by 
Anthelm near £ Cygni. It remained visible for about two 
years, and increased and diminished several times before it 
finally disappeared. A star of the eleventh magnitude has 
been observed near its place at Greenwich Observatory, and 
variation was suspected in this small star by Hind and others. 
There is a known variable star — S Vulpeculae — near the place ; 
but, according to Hind, ' this variable is distinct from An- 
thelm's.' The position of Anthelm's star for 1900 is R.A. 
19 h. 43 m. 28 s., N. 27 42'. 

A small temporary star was observed by Hind in Ophiuchus 
on April 28, 1848. When first noticed it was about the fifth 
magnitude, but very soon faded to tenth or eleventh magnitude. 
This curious object has become very faint in recent years. In 
186& it was twelfth magnitude, and in 1874 and 1875 not above 
thirteenth magnitude. Its position for J900 is R.A. 16 h. 5.3 m. 
54 s., S. I2 Q 44-4'. 

A new star was discovered by Pogson, May 28, i860, in the 
globular cluster 80 Messier in Scorpio. When first seen it was 
7'6 magnitude, and bright enough to obscure the cluster in 
which it was apparently situated. On June 10 it had nearly 
disappeared, and the cluster again shone with great brilliancy 
and with a condensed centre. Pogson's observations were con- 
firmed by Auwers and Luther. It (or another star in the cluster) 
was again seen as eleventh magnitude by Pogson on June 9, 1863. 
On February to, 1864, he estimated it at ninth magnitude, and 
on March 5 9.3, and it afterwards rapidly faded again. 1 Its 
position for 1900 is R.A. 16 h. n m. 5 s., S. 22 436'. Near 
the cluster are two known variable stars, R and S Scorpii. 

A very interesting temporary star, sometimes spoken of as 
*the Blaze Star,' suddenly appeared in Corona Borealis in 
May, 1866. It was first seen by Birmingham, at Tuam, Ireland, 
about midnight on the evening of May 12, when it was about 
the second magnitude, and equal to Alphecca, the brightest 
star in the well-known 'coronet. 5 It was shortly afterwards 
noticed by several observers in various parts of the world- It 
seems to have blazed out very suddenly, as Schmidt, the 
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Director of the Athens Observatory, stated that he was ob- 
serving the region about two and a half hours before Birming- 
ham's discovery, and felt certain that no star of even the fifth 
magnitude could possibly have escaped his notice. The star 
rapidly diminished in brightness, and on May 24 of the same 
year had faded to 8"5 magnitude. It afterwards increased to 
about seventh magnitude, but quickly diminished again, [t was 
soon discovered that the star was not really a new one, but had 
been previously observed by Schonfeld at Bonn in 1855 and 
1856, and rated as 9*5 magnitude on both occasions. A few 
days after its discovery its light was examined by Dr. Huggins 
with the spectroscope, and it showed the bright lines of hydro- 
gen gas in addition to the ordinary stellar spectrum. During 
the years 1866 to 1876 Schmidt detected variations of tight 
which seemed to show a certain regularity, and he deduced a 
probable period of about 94 days. This was confirmed by 
Schonfeld, who observed changes in the star's light from 
about the seventh to the ninth magnitude, It would therefore 
seem to be an irregular variable star, and not a true nova. It is 
situated a little south of ■ Coronae Borealis, and its position for 
1900 is R.A. 15 h. 52 m. 19 s., N. 26 i2'2'. 

On the evening of November 24, 1876, a remarkable tem- 
porary star was discovered by Schmidt at Athens, near p Cygni. 
When first seen it was about the third magnitude. Schmidt 
observed the region on several nights between November 1 
and 20, and was certain that no star of even the fifth magnitude 
could have escaped his notice. Between November 20 and 24 
the sky was cloudy, so that the exact time of its appearance is 
unknown. It rapidly diminished in brightness, and on Novem- 
ber 30 had faded to the fifth magnitude. It afterwards de- 
creased very regularly to August, 1877. It was spectroscopi- 
cally examined a few days after its discovery, and its spectrum 
showed bright lines similar to the star in Corona Borealis. 
In September, 1877, it was found to have faded into a small 
planetary nebula. It was only fifteenth magnitude in Septem- 
ber, 1885, and about 1 5*5 in 1902. It is now known as Q Cygni. 
and its position for 1900 is R.A. 21 h. 37 m. 47 $., N. 42 23-1'. 

Towards the end of August, 1885, a small star made its appear- 
ance close to the nucleus of the Great Nebula in Andromeda 



(Messier 31), The new star was independently discovered! by 
several observers. Its magnitude was estimated 6*5 by Engel- 
hardt on September r, and 73 on September 2. Mr. Maunder 
at Greenwich Observatory found its spectrum *of precisely 
the same character as that of the nebula ; *.*., it was per- 
fectly continuous, no lines, either bright or dark, being visible, 
and the red end was wanting.' Dr. Huggins, however, on 
September 9 thought he could see from three to five bright 
lines in its spectrum. The star gradually faded away, and on 
February 7, 1886, was estimated only sixteenth magnitude with 
the twenty-six-inch refractor at the Washington Observatory. 
Professor Asaph Hall found 'no certain indications of any 
parallax.' Auwers pointed out the similarity between this out 
burst and the new star of i860 in the cluster 80 Messier, and he 
thought it very probable that both phenomena were due to 
physical changes in the nebulas in which they occurred. 

A small temporary star of the ninth magnitude appeared 
in the constellation Perseus in 1887. It was found by Mrs. 
Fleming on photographs of stellar spectra taken at Harvard 
Observatory. 

A remarkable and interesting temporary star was discovered 
in January, 1892, by Dr. Anderson, in Auriga. He announced 
its discovery to Dr. Copeland, of the Royal Observatory, Edin- 
burgh, on February 1, but seemed certain that he had seen it 
on the morning of January 24 (but mistook it for 26 Aurigse). 
It was then about fifth magnitude. After this announcement 
was published an examination was made of photographic plates 
taken at the Harvard Observatory, and it was found on photo- 
graphs taken between December 16, 1891, and January 31, 1892. 
These photographs showed that the star was fainter than the 
eleventh magnitude on November 2, 1891, and Professor 
Pickering says it 'probably attained the seventh magnitude 
within a day or two of December 2, and the sixth magnitude 
on December 7. The brightness increased rapidly until Decem- 
ber 18, attaining its maximum about December 20, when its 
magnitude was 4/4. It then began to decrease slowly, with 
slight fluctuations until January 20, when it was slightly below 
the fifth magnitude. All these changes took place before its 
discovery, so that it escaped observation nearly two months. 
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During half of this time it was probably brighter than the fifth 
magnitude.' The star rose to another maximum of light in 
February, for on February 14, when first seen by the present 
writer, he estimated it 455 magnitude. After this it rapidly 
diminished, and on March 18 of the same year it was about 
ninth magnitude. On April 1 it had faded to about the fifteenth. 
In August, 1892, it brightened up again to about ninth magni- 
and then diminished to about tenth or eleventh, and 
remained in this state to the end of 1894. It then slowly 
diminished, and in February, 1901, it was found to be a very 
faint and minute nebula. Soon after its discovery its spectrum 
was found to contain bright lines accompanied by dark lines. 
The observed shift in these lines indicated enormous velocities 
and suggested the theory of a collision between two dark bodies. 
However this may be, there seems to be no doubt that it has 
now — like several other temporary stars — changed into a plan- 
etary nebula. Its position for 1900 is R.A. 5 h. 25 m. 34 s., 

N. 20° 22'2'. 

Another small nova of about the seventh magnitude appeared 
in the Southern constellation Norma in 1893. The spectrum 
was similar to that of Nova Auriga^ and, like that star, it seemed 
to have faded into a planetary nebula. Its position for 1900 is 
R A. 15 h. 22 m. 11 s., S. 50° 139'. 

Another small temporary star of about the eighth magnitude 
was discovered by Mrs. Fleming in the Southern constellation 
Argo. It seems to have appeared between March 5 ar »d 
April 8, 1895. On July 1, 1895, it had diminished to the eleventh 
magnitude. The spectrum seems to have been the same as that 
of the new stars in Auriga and Norma. Another object of the 
same kind (?) was also found by Mrs. Fleming on photographs 
of the constellation Centaurus. It was about the seventh 
magnitude at its brightest, and appeared some time between 
June 14 and July 8, 1895. It was observed visually on 
December 16, 1895, by Professor O. C. Wendell and had then 
faded to the eleventh magnitude. The spectrum was not similar 
to those of the temporary stars in Auriga, Norma, and Argo. 
It was closely north-east of the nebula N.G.C. 5253. On 
December 22 and 29, 1895, Professor Campbell found that the 
spectrum was continuous but peculiar, and quite unlike that of 
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the nebula near it. On June II, 1806, Professor Hussey found 
the star I4'4 magnitude, and surrounded by ' a faint irregular 
nebula which seemed to extend continuously to the nebula south 
preceding. 3 On J uly 9 it had faded to the sixteenth magnitude, 
and the nebula surrounding it was ' seen to be continuous with 
the adjacent nebula.' On January 4, 1897, Hussey failed to find 
the star, and it must have been then below the sixteenth magni- 
tude. 1 Chandler is of opinion, however, that the star may 
possibly be merely a long-period variable, with a period 
374 days, or 'irregular.' Its position for 1900 is R.A 
34 m. 17 s., S. 31 76'. 

Early in the year 1898, or possibly towards the end of 1897, a 
new star appeared in the constellation Sagittarius. It was found 
by Mrs. Fleming on photographic plates taken at Harvard in 
March and April, 1898. These showed that it was about 47 
magnitude on March 8, and had diminished to 8'4 on April 29. 
It was observed with the telescope by Wendell on March 13, 
1899, an d estimated 11*37 magnitude. A photograph of the 
spectrum taken on April 19, 1898, shows the hydrogen lines 
bright, and some other lines which seemed to be identical with 
lines in the spectrum of Nova Aurig^e. When observed by 
Wendell, its light was found to be nearly monochromatic (that 
is, of nearly one colour), showing 'the chief nebular line 3 and a 
faint continuous spectrum. It would, therefore, seem that this 
star, like other new stars, has ' changed into a gaseous nebula.' 
Its position for 1900 is R.A. 18 h. 56 m. 12-8 s., S. 13 18' 13". 

Another small nova, also discovered by Mrs. Fleming, appeared 
in April, 1899, in the constellation Aquila, a little south-west of 
the star 5 AquiUe. It was about seventh magnitude on April 21, 
1899, tenth magnitude on October 27, 1899, and in July, 1900, it 
was found to be 'a nebula of the twelfth magnitude.' Its place 
for 1900 is R.A. 19 h. 15 m. 16 s., S. o° I9'2'. 

The discovery of so many of these small temporary stars in 
the last few years suggests that the phenomenon may not be so 
rare as is generally supposed. But unless a new star became 
clearly visible to the naked eye it might very easily escape 
detection. 
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Lastly we come to the very remarkable and brilliant new 

star — the brightest of modern times — which suddenly blazed out 

in the constellation Perseus on the night of February 21, 1901. 

h was discovered by Dr. Anderson (the discoverer of Nova 

Aurigse) at Edinburgh about 2.40 on the morning of February 22 

as a star of about 27 magnitude, and was independently detected 

on the following evening (February 22} by several observers, 

including the present writer. It rapidly increased in brilliancy, 

and on the evening of February 23 it was slightly brighter than 

Capella,and was then probably the brightest star in the Northern 

Hemisphere ! Its rise in brightness must have been very rapid. 

Three German astronomers — Grimmler, Plassman, and Schwab 

—stated that they were observing the region on February 21 

from 7 to 10.30 p.m., and think that no star brighter than the 

third magnitude could possibly have escaped their notice. A 

photograph of the region taken by Mr. Stanley Williams, the 

well-known English astronomer, on February 20, about 1 1 p.m., 

or only twenty-eight hours before the discovery of the nova 

by Dr. Anderson, shows no trace of the new star, although stars 

to about the eleventh magnitude are clearly visible. After 

February 23 the new star gradually diminished in brightness, 

and on the night of February 25 it was reduced to about the 

first magnitude. On March I it had decreased to about the 

second, and about March 6 to the third. From that date it 

faded with some small fluctuations of light until March '8, 

when it had descended to about the fourth magnitude. From 

that date a series of the most remarkable fluctuations of light 

set in. On the evening of March 19 it had fallen to a little 

below the fifth magnitude. On March 20 it had risen to 3 - $, 

and on the 22nd it was again below fifth magnitude. It was 

again about fourth magnitude on March 23, and below five on 

March 25. It again rose to above four on March 26, and these 

curious fluctuations continued with more or less regularity, and 

with a longer period of variation, until the third week in May, 

when the star became so low on the Northern horizon, and the 

twilight so strong, that observations became very difficult. 

During the month of June the observations show considerable 

fluctuations, and to a smaller extent in July also- In August 

the variation of light was small, the estimates of magnitude 
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ranging from 57 to 6-5. During September and October, ioor, 
the star's light seemed to fade slowly, with no violent fluctuations, 
from about 62 to 67. At the end of the year it had fallen to 
about seventh magnitude- In the beginning of March, 1902, it 
had faded to the eighth magnitude ; in June, 1902, to the ninth, 
and in November, 1902, to about the tenth magnitude. 

When the new star was first seen by Dr. Anderson, he thought 
its colour was bluish-white, and it remained of a white or slightly 
yellowish colour on February 23 and 24. It was of a pale yellow 
on February 25 and 26, and became orange at the beginning of 
March. During the remarkable oscillations of brightness the 
colour seems to have been orange at maximum and red at 
minimum light. Early in 1902 Professor Barnard found, it 
' greenish -white.' 

According to Professor Pickering, the spectrum of the new 
star was on February 22 and 23 of the 'Orion type, 1 * nearly 
continuous, with narrow dark lines.' On February 24 there 
was a remarkable change, the spectrum having then become 
like that of other new stars — that is, crossed by dark and bright 
bands, the principal dark lines being bordered by bright lines 
on the red side of the spectrum. The observed displacement 
of the hydrogen lines from their normal position in the spectrum 
seemed to indicate a relative velocity of 700 to 1,000 miles a 
second, thus suggesting the collision of two bodies with high 
velocities. But these enormous velocities of colliding bodies 
seem to be contradicted by the fact that measures of the dark 
lines of calcium and sodium by Adams, Campbell, Stebbins, 
and Wright in America indicate a velocity in the line of sight 
of only some three miles a second. The observed high velocity 
may have been, however, due to an outburst of hydrogen gas 
from the body of the star. Remarkable changes were also 
observed in the spectrum during the sudden fluctuations in the 
star's light which took place in March, April, and May, 1901. 
An examination of photographs of the star's spectrum taken at 
the Harvard Observatory in July, 1901, showed that, like other 
new stars, it was slowly changing into a gaseous nebula, * the 
chief nebular line' being very bright. The nebular spectrum 
became more marked in August and September, 1901. 

In September, 1901, Dr. Max Wolf, while examining the new 
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star, discovered a faint trace of nebula a tittle south of the nova' 
As his telescope was not powerful enough to deal with this 
object, he suggested that it should be photographed with 
a large telescope. This was done by Mr Ritchey at the Yerkes 
Observatory (U.S.A.) with a two-feet reflector on September 20, 
1901, and the photograph showed a mass of nebulous matter of 
great extent, and of apparently a spiral form surrounding the 
nova. This interesting discovery was confirmed by Mr. Perrine 
at the Lick Observatory by photographs taken on November 7 
and 8, and, from a comparison of his plates with the photograph 
taken by Ritchey, he found that some of the principal condei 
tions of the nebula were apparently moving with an enormous 
velocity. Perrine's startling result was confirmed by Ritchey, 
This unheard-of motion — about eleven minutes of arc per annum 
—in a sidereal object seemed to preclude the idea of a real 
velocity of the nebulous matter in space, and the theory was 
suggested by Professor Kapteyn and Dr. W. E. Wilson that 
the nebulous matter shone merely by reflected light from the 
new star- Assuming this to be the case, calculation showed 
lhat the observed motion might be accounted for by supposing 
that the new star had a parallax of about ooll, or a 'light 
journey ' of about 296 years 1 Perrine afterward announced that 
he had found a photograph taken on March 20, 1901, on which 
some of the nebulosity was very visible. This ' reflexion theory ' 
is supported by Hinks and Seeliger, but others do not agree. 

Attempts to measure the distance of this wonderful object 
from the earth have not proved very satisfactory, and its 
distance is doubtless very great. Measures made from small 
stars near it by Dr. Hartwig at Bamberg and Dr. Chase at 
Yale College Observatory show a negative parallax, which 
would imply that the nova lies further from the earth than At 
comparison stars. Bergstrand, however, finds from photo- 
graphic plates an absolute parallax of o'ojj". 1 This result would 
give a journey for light of about ninety-nine years. 

On one of the earlier photographs of the region taken at 
the Harvard Observatory a very faint star was found by Father 
Zwack very close to the place of the nova. From measurements 
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of photographs taken in the years 1890 to 1900 Professor 
Pickering finds that this small star was variable to the extent 
of about one magnitude, and that its position closely agrees with 
that of the new star. The same small star was also found by 
M. S. Blajko on a photograph taken by him on January 30) 
1899. Professor Pickering says : 'We may therefore conclude 
that a star whose light varied from the thirteenth to the four- 
teenth magnitude was visible for several years within one or 
two seconds of arc of the nova, the difference in position being 
less than the errors of measurement.' 1 

The position of the nova for 1900 is R.A. 3 h. 24 m. 24 s., 
N. 43* 33' 39". It lies between the stars k and » Persei, a little 
nearer to the latter star. 

Several theories have been advanced to explain the pheno- 
mena of temporary stars, but none of them are very satisfac- 
tory. The rush of a dark, or nearly dark, body through a 
gaseous nebula is perhaps the most probable cause of these 
outbursts. The friction produced by the rapid motion of a 
body through a nebulous mass would, of course, produce 
enormous heat, and this intense heat might, again, produce an 
explosion of gases imprisoned in the interior of the dark, or 
nearly dark, body. Both causes may possibly combine to 
produce the observed phenomena. A collision between two 
dark bodies would produce a somewhat similar result, but such 
an event is evidently not so probable as the passage of a dark 
body through a gaseous nebula. 

Long-Period Variables. — In this class of variable stars 
the variation of light is generally very large — usually 
several magnitudes — and the length of the period con- 
siderable, ranging from about 90 to 610 days from maxi- 
mum to maximum. Several seem to have periods of 
about a year. There are a large number of these long- 
period variables known. 

The following are among the most remarkable and interest- 
ing of the long-period variables. Most of them can be observed 

3 Harvard College Observatory Circular, No. 66, October 31, 
1902. 




at maximum with an opera-glass, They are given in order of 
right ascension. The positions are for 1900 ; 

T Cassiopeia?: R.A., o h. 17 m. 49s., N. 55" I4"3 f . Between 
? and X Cassiopeia;, nearer the latter star. Discovered by 
Krueger in 1870. It varies from 7 to 8 magnitude at maximum 
to II to 12 at minimum. Mean period about 445 days, but 
with some irregularities. The star is red, and Grover has seen 
it ' surrounded by a ruddy haze.' A maximum (magnitude 7*2) 
was observed by Grover, August 8, 1901 (interval since last 
maximum 437 days), and another (7*4 magnitude), October 30, 
1902 (interval 448 days). 

R Andromedse : o h. 18 m. 45 s., N. 38 14'. Closely north 
of p Andromedae. Discovered at Bonn,, 1858, Maximum 
5*6 to 8*6; below I2"8 at minimum. Mean period, about 
41 1 days, A maximum was observed by Dr. Kelly at Kingstown, 
Ireland, on December 15, 1901. The spectrum is a remarkable 
one of the third type. In September, 1889, Espin found the 
F line very bright. 

S Cassiopeia : 1 h. 12 m. 18 s., N. 72 5*1'. Discovered at 
Bonn, 1861. A little to the west of the star 40 Cassiopeia?. 
Max. 67 to 8*6 ; min. below 13. Period about 610 days, one of 
the longest known. Peak saw a bluish nebulosity round the star 
in March, 1900. A maximum (7*55 magnitude) was observed at 
Harvard on September 23, 1901. Espin found the F line very 
bright on November 28, 1S89. 

o (Mira) Ceti : z h. 14 m. 18 s., S. 3 257'. A very remark- 
able and interesting variable star. Discovered by Fabricius in 
1596. It varies from 17 to 5 magnitude at maximum to 8 to 
9 - S at minimum. Mean period, about 331 days, but with irregu- 
larities. This is perhaps the most interesting variable in the 
heavens. Its brightness at maximum is very variable. At the 
maximum of 1779 Wargentin found it equal to Aldebaran on 
October 30, and on November 2 he thought it had further in- 
creased in brightness. On the other hand, Heis found it only 
fifth magnitude at the maximum of November 7, 1868. At the 
minimum it never descends below 9*5 magnitude, so that it 
always remains visible in a three-inch telescope. At the minimum 
of December, 1901, it was estimated 875 by Nijland (As/. 
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ties. There is a • stand still ' in the light curve at about 9 magni- 
tude from two to four months before maximum, and the star 
remains at this brightness for about 48 days. The spectrum 
is a fine one of the third type, A maximum was observed by 
Grower (6-9 magnitude) on July 23, 1900, and another (7*2 
magnitude) October 24, 1901 (interval 458 days). 

U Orionis : 5 h. 49 m. 53 s., N. 20° 9*5'. Discovered by Gore 
on December 13, 1885. It was at first thought to be a tem- 
porary star or nova, but afterwards proved to be a long-period 
variable, Max. 6 to 7' 5 ; min. below 12. Mean period about 
375 days. A maximum (61) was observed by Grover on 
April 13, 1901, and at Harvard on April 26, rgor (magnitude 
636). Krueger calls its ' colour a peculiar copper red' 1 (8*4 OB 
a scale of o to lo). It has a fine spectrum of the third type. 

v Geminorum : 6 h. 8 m. 51 s., N. 22 322'. Discovered by 
Schmidt in 1865. Max, 3*2 ; min. 37 to 4'2. Mean period 
about 231 days. The star was found to be a close and difficult 
double by Burnham — a feature very unusual among long-period 
variable stars. Professor Campbell finds a variable velocity in 
the line of sight. 

V Monocerotis : 6 h. 17 m. 4r s., S. 2 87'. Discovered by 
Schonfeld in 1883. Max. 6-3 to 6-9 ; min. about 107. Period, 
about 332 days. 

R Geminorum : 7 h. 1 m. 20 s., N. 22 51*5'. About 3 west 
of 8 Geminorum. Discovered by Hind in 1848. Max. 6 - 6 to 
7"8 ; min. below 13. Period, about 370 days. According to 
Schonfeld, the light curve is very variable at maximum, when 
the star often remains for a week without any perceptible 
change. Vogel saw the hydrogen lines of the spectrum bright 
in February, 1869. A maximum was observed by M. Esch 
about middle of September, 1901. 

L a Puppis : 7 h. 10 m. 29 s., S. 44 29-8'. Discovered by 
Gould in 1872, Max. 3*4 to 4*6 ; min. 5*8 to 6*2. Period, about 
140 days. Variation rapid at maximum and comparatively slow 
at minimum. Red in all phases of its light, and especially so 
at minimum. It has a splendid spectrum of the third type. 
U Geminorum : 7 h- 49 m. 10 s,, N. 22 J5'8\ Discovered by 



Hind in 1855. Max. 8-9 to 97 ; min. below 13. Mean period, 
about 86 days, but with large irregularities. Although this 
star cannot be observed without a telescope, it is inserted 
here t as being, perhaps, the most wonderful variable star in 
the heavens. For most of its period the star remains about 
the thirteenth magnitude. It then suddenly brightens, and 
after remaining near a maximum for a few days it diminishes 
again in a few hours. Sometimes it rises to a maximum with 
astonishing rapidity. In February, 1869, it was observed by 
Schonfeld to increase three magnitudes in twenty-four hours ! 
Some marvellous fluctuations of light were observed by Pogson. 
On March 26, 1856, he says : 'The variable subject to strange 
fluctuations at intervals of six to fifteen seconds, quite to the 
extent of four magnitudes ; when the adjacent stars were quite 
steady and not at all twitching, like the variable. At times it 
surpassed the [comparison] star 8"9 ; at others it had quite 
vanished. A new phenomenon to me ! Watched it for half an 
hour, with powers 54, 65, and 95, on the equatorial ' (at Oxford, 
England). 1 On the following evening (March 27, 1856) he says : 
' Light very unsteady, but not subject to such pulsations as were 
seen last night.' On April 16, 1866, Pogson found it 'of the 
thirteenth magnitude. The following day it had attained its 
maximum brightness (ninth to tenth magnitude) ' I 1 The spec- 
trum is said to be continuous. At a maximum, in 1858, Baxen- 
dell found that this extraordinary object ' had a somewhat hazy 
or nebulous appearance.' 

R Cancri: 8 h. II m. 3 s., N. 12 raf. About 3 north 
of j3 Cancri. Discovered by Schwerd in 1829. Max. 6"o to 
8*3 ; min. below 117. Period, about 353 days, but lengthen- 
ing. A maximum (7*87 magnitude) was observed at Harvard 
Observatory about December 14, 1900. 

R Carinae : 9 h. 29 m. 44 s., S. 62 20'8. Between k and 
/ Carina?. Discovered by Gould in 1871. Max. 4*3 to 57; 
min. 9*2 to 10. Mean period, about 3097 days. A very inter- 
esting variable. Roberts finds that the period varies from 305-8 
to 312*8 days, and that a full cycle is completed in thirty-seven 



1 Quoted from Mr. Pogson's Journal by Mr. Joseph Baxen- 
dell in the Astrophysical Journal, April 16, 1902, p. 127. 
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or thirty-eight years.' He observed a maximum on March 20, 
1901. The star is red. 

R Leonis Minoris : 9 h. 39 m. 35 s., N, 34° 583'. Discovered 

by Schonfeld in 1S63. Max. 6'i to 7*8 ; min. 13. Mean period, 

about 370*5 days, but subject to irregularites. Spectrum third 

type. 

R Leonis: 9 h. 42 m. 1 1 s., N. 11 536'. Closely south of the 

19 Leonis. Discovered by Koch in 1782. Max. 5*2 to 

67; min. 9*4 to 10. Mean period, about 313 days. A very 

interesting variable and easily found with an opera-glass at 

maximum. It is red in all phases of its light, and has a fine 

spectrum of the third type. A maximum (56 magnitude) was 

observed by Flanery, April 13, 1900, and another at Harvard 

Observatory (6'io magnitude), February 27, 1901. Espin saw 

the hydrogen lines bright in March, 1 889. 

S Carinas : 10 h. 6 m. 11 s., S. 6i° 3*6'. Discovered by Gould, 
1871. Max. 5 - 8 to 6 - 6 ; min. 9 to 9*2. Mean period, 149*1 days. 
Increase of light slower than decrease — an unusual feature 
among variable stars. The star is reddish. 

R Ursse Majoris : 10 h. 37 m. 34 s., N. 69 18*0', About 3 
north of 38 Ursre Majoris. Discovered by Pogson in 1853. 
6 to 8'2 ; min, 12*6 to 13*2. Mean period, about 302 days. 
The star 'rises with astonishing rapidity to the maximum, but 
fades away very slowly.' The spectrum is of the third type. A 
maximum (7*6 magnitude) was observed by Grover on March 16, 
1901, and at Harvard (7*37 magnitude) on March 23, 1901, 
and another by Grover (7'5 magnitude) on January 20, 1902 
(interval 310 days), and (77 magnitude) on October 30, 1902 
(interval 283 days). At the maximum of 1901 Peek found that 
its colour changed in two months ' from deep dull ruddy to 
nearly while.' 

R Corvi : 12 h. 14 m. 27 s. y S. 18 420', About 3^° south- 
st of y Corvi. Discovered by Karlinski in 1867. Max. 6*8 to 
min. below 11*5. Period, 318*5 days. Increase of light 
quicker dian decrease. Spectrum of the third type. 

T Ursaz Majoris: 12 h. 31 m. 50 s., N. 6o° 2*3'. Discovered 
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by Hencke in 1856. Max. 6 to 8*5 ; min. 12*2 to 13. Mean 
period, 257 days. Spectrum of the third type. A maximum 
(7-9 magnitude) was observed on August 15, 1901, by Grover, 
who says : ' This was the faintest maximum of this star since 
j 886. The light at the three previous maxima was 63 magni- 
tude. 1 He observed another maximum on May 23, 1902, when 
the brightness was again 6-3 magnitude (interval 281 days). 

R Virginis : 12 h- 33 m- 26 s-, N. 7 32-3'. Discovered by 
Harding in 1809. Max- 6"5 to 80; min. 97 to no- Period, 
about 145^ days, but with some irregularities. A maximum 
(7-10 magnitude) was observed at Harvard, May 15, 1901. 

S Ursae Majoris : 12 h. 39 m. 34 s., N.6i° 38-4'. Discovered 
by Pogson in J853. Max. 67 to 8-2 ; min. 10-2 to 115. Period, 
about 226"5 days. Maxima were observed by Grover (77 mag- 
nitude) on May 24, and {76 magnitude) on December 27, 1901 
(interval 217 days), and (77 magnitude) on August 8, 1902 
(interval 224 days), 

R (u) Hydra;: 13 h. 24 m. 15 s., S. 22* 45-9', Discovered 
by Maraldi in 1704, Max. 3*5 to 55 ; min. 97. Mean 
period, 427 days, but with irregularities. A remarkable and 
interesting variable. The period has diminished since its dis- 
covery, having been about 500 days in 1708, 487 days in 1785, 
461 days in 1825, and 437 days in 1870. The minimum occurs 
about 190 days before the maximum. The spectrum is a very 
fine one of the third type, which Duner describes as 'd'un 
beaute" tout a fait extraordinaire,' the bands being extremely 
wide and perfectly black. At the maximum of 1889 Espin 
found the hydrogen lines bright in the spectrum. The star is 
reddish. Maxima were observed by Flanery on May 5, 1897 
{4 magnitude), and July 4, 1898 (4-9 magnitude). 

S Virginis : 13 h. 27 m. 47 s., S. 6o° 40*8'. Between the stars 
72 and 81 Virginis. Discovered by Hind in 1852. Max. 57 to 
8 - o ; min. 12-5. Mean period, 376-4 days. Spectrum of the 
third type. A maximum (6'8 magnitude) was observed by 
P'lanery on July 22, 1899. 

T Centauri : 13 h. 36 m. 2 s., S. 33° 5*5'. Discovered by 
Markwick in 1894. Max. 5-3 to 6 ; min. 72 to 91. Mean period, 
90*4 days. An interesting variable star. 

R Canum Venaticorum : 13 h. 44 m. 39 s., N. 40 8*4', Dis- 
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covered by Espin in 1888. Max. 6"i to 7 j min. 11*5. Period, 
338 days. 

R Centauri : 14 h. 9 m. 22 s. 3 S. 59 269'. About 2° east 
of £ Centauri. A remarkable variable discovered at Cordoba 
in 187 1. Max. 5*2 to fro; min. 87 to 13. Mean period, about 
569 days. There are two maxima and two minima. 'The two 
maxima follow one another at intervals of 204 and 364 days 
respectively' (Roberts, Monthly Notices, R.A.S., March, 1901). 
The star is red. 

R Camelopardalts : 14 h. 25 m. 6 s., N. 84* 171'. Discovered 
by Hencke in 1858. Max. 6*9 to 86 ; min. 1 1 '8 to 135. Mean 
period, 269*5 days. Maxima were observed by Grover on 
March I, 1900 (6-9 magnitude), and July 28, 1901 (7-6 mag- 
nitude). 

V Boon's : 14 h, 25 m. 42 s., N. 39 185'. Discovered by 
Duner in 1884. Max. 67 to 76 ; min. 9 to io-j. Mean period, 
256 days. A maximum was observed by H. M. Parkhurst, 
September 5, 1901 (7-22 magnitude). The star is D.M.. + 39 , 
2773. Spectrum, third type. 

R Boot is : 14 h. 32 m. 47 a., N. 27 0, 10*2'. A little west of 
34 Bootis. Discovered at Bonn in 1858. Max. 5'9 to 7*8 ; 
min. 1 1*3 to i2 - 2. Mean period, 2234 days. A maximum 
(6-85 magnitude) was observed at Harvard about April it, 1901. 
S Corona: 15 h. 17 m. 19 s., N. 31 43"6'. Discovered by 
Hencke in i860. Max. 6"i to 7*8; min. 11*9 to i2 - 5- Mean 
period, 36o"8 days. Spectrum of third type. At the minimum 
it has been observed by Peek apparently obscured by nebulosity. 
A maximum (6*8 magnitude) was observed by Grover March 22, 
1 901. 

R Serpentis : 15 h. 46 m. 5 s., N. 15 26*3'. Between /3 and 
T Serpentis. Discovered by Harding in 1826. Max. 5*6 to 7'6 ; 
min. 13. Mean period, 357'6 days. Spectrum of the third type. 
A maximum was observed by H. M. Parkhurst on September 9, 
1901 (646 magnitude), and another by Dr. Kelly about 
August 12, 1902. 

X Herculis : 15 h. 59 m. 39 s., N. 47 3o - 8'- Discovered by 

Gore in 1890, Max. 5*9 to 6'3 ; min. 6"8 to 7'2. Mean period, 

about 92J days, but with inequalities. The star is very reddish. 

U Herculis : 16 h. 21 m. 22 s., N. 19° 72', Discovered by 
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Hencke in i860. Max. 6'6 to 79; min. ii"4 to 127, Mean 
period, 409 days. A maximum was observed by M. Esch 
January 10, 8902 (7*9 magnitude)- 1 

R Draconis : J 6 h. 32 m. 23 s., N. 66° 578'. Discovered by 
Geelmuyden in 1876. Max. 6*5 to 87 ; min. 12 to 13. Mean 
period, 245-6 days. Maxima were observed by Grover on 
July 28, 1901 (7'2 magnitude), March 25, 1902 (7"2 magnitude), 
and November 3, 1902 (6-3 magnitude), 

S Herculis: 16 h. 47 m. 21 s., N. 15 6*6'- Discovered at 
Bonn in 1856. Max. 5^9 to 7-5 ; min. JI'5 to 13, Mean period, 
309"2 days, but with large irregularities. The star is reddish, 
and the spectrum of the third type. It lies closely south-west 
of the star 49 Herculis (6^ magnitude). A maximum (7*1 mag- 
nitude) was observed by Grover on May 16, 1901 (interval 
since last maximum, 290 days), and at Harvard (7 magnitude) 
about June 6, iooj. At some minima Grover has seen it sur- 
rounded by ' a bluish nebulosity.' 

RR Scorpii : 16 h. 50 m. 15 s., S. 30 0, 25"3'. Discovered by 
Thome in 1892. Max. 6 - 2 to 7 ; min. 9-3 to 10. Mean period, 
2827 days. 

X Ophiuchi : 18 h. 33 m. 35 s., N. 8° 44'4'. Discovered by 
Espin in 1886. Max. 6-8 to 7 ; min. g. Period, 335 days. 

R Aquike : 19 h. 1 m. 33 s., N. 8° 4-8'. About 3 south of 
18 Aquilae. Discovered at Bonn in 1856. Max. 5-9 to 7-4; 
min. io-g to 11*5. Mean period, 3506 days. The increase of 
light from ninth magnitude to seventh magnitude is very rapid. 
The star is reddish, and its spectrum of the third type. A 
maximum was observed by H. M. Parkhurst on September 22, 
1901 (6' 12 magnitude), and another by Dr. Kelly about July 28, 
1902, 

R Cygni : 19 h. 34 m. 8 s., N. 49 58-5'. Discovered by 
Pogson in 1852. It lies about 22 seconds of time to the east of 
the 45 magnitude star 9 Cygni, and can thus be easily found 
with an opera- glass when at its maximum light. Max. 5-9 to 
8 ; min. below 14. Mean period, 4257 days. The star is 
reddish, and the spectrum of the third type. Bright lines were 
seen in the spectrum in 1888. The existence of these were con- 
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firmed by Maunder at Greenwich, and one of them was found 
to coincide with the F line of hydrogen.' Peek has seen a bluish 
nebulosity at minimum. A maximum (6'62 magnitude) was 
observed at Harvard on June u, 1901, and another (8 magni- 
tude) by G rover on September 3, 1902. 

X Cygni : 19 h. 46 m. 44 s., N. 32 97'. Discovered by Kirch 
in 1686. Max. 4 to 6*5 ; min. I3'5- Mean period, 406 days, but 
with some irregularities. A most remarkable and interesting 
variable. Distinctly visible to the naked eye at a bright maxi- 
mum. The light variation is enormous, amounting to nearly, 
if not quite, ten magnitudes ! This implies that the light at a 
bright maximum is nearly 10,000 times the light at minimum ! 
A maximum (4'2 magnitude) was observed by Grover on 
August 14, 1901, and another on September 4, 1902 (4*3 mag- 
nitude) 2 — interval 386 days. The star is red, and shows a 
magnificent spectrum of the third type, in which bright lines 
(D 3 very plain) were seen by Espin in May, 1899. It is the 
true x Cygni of Bayer, and is often confused with Flamsteed 
17 Cygni, to which Flamsteed affixed the letter x by mistake, 
the variable having been faint at the date of Flamsteed's ob- 
servation. It is sometimes called x 1 Cygni, but this is an error. 

T Cephei : 21 h. 8 ra. 13 s, N. 68° 5-0'. A little south-west 
of p Cephei. Discovered by Ceraski in 1878. Max. 5-2 to 68; 
min. 8 - 6 to 107. Mean period, 387 days. The increase of light 
is slower than the decrease. The star is reddish, and has a fine 
spectrum of the third type, with dark bands of considerable 
intensity. A maximum (5"3 magnitude) was observed by Grover 
on February 6, 1901, and another February 1, 1902 (interval 
360 days). The star is D.M. 67 , 1291. 

W Cygni ; 21 h. 32 m. 14 s., N. 44° 55'6'. Closely south 
of p Cygni. Discovered by Gore in 1885. Max. 5 to 6'3 ; 
min. 67 to 7. Mean period, 131 "5 days. Sawyer finds that 



1 Monthly Notices, R.A.S., March, 1889. According to 
Mrs. Fleming, bright hydrogen lines are characteristic of the 
long-period variables (Astrophysicat Journal t November, 1898, 

P- 233)- 

3 A maximum was observed by Dr. Kelly on September 7, 
1902 (4 - i magnitude). 
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*the light curve exhibits a rather rapid and uniform increase, 
with a somewhat less rapid and irregular decrease.' Its colour 
is reddish, and the spectrum a remarkable one of the third type, 
which Dundr describes as ' d'unbeaute" extraordinaire,' with very 
wide and very black bands. Max. about August 30, 1901 (5"j m.), 

R Pegasi : 23 h. 1 m. 38 s., N. io° or?.'. Discovered by Hind 
in 1848. Max. 6*9 to 7*9 ; min. below 13. Mean period, about 
380 days, but with considerable irregularities. A maximum was 
observed by Dr. Kelly on August 10, 1902 (7*45 magnitude). 

R Aquarii : 23 h. 38 m. 39 s., S. 15° 50 - 3 f . About i° south- 
west of « a Aquarii Discovered by Harding in 181 J. Max. 5*8 
to 8'5 ; mm. about ir. Mean period, 387 days, but with some 
irregularities. The increase from tenth magnitude is rapid. 
The colour is reddish, and the spectrum of the third type. A 
maximum (7"i6 magnitude) was observed at Harvard on De- 
cember 9, 1900, and another (6*54 magnitude) on December 27, 
1901. 

V Cephei : 23 h. 51 m. 44 s. ; N. 82 381'. Discovered by 
Chandler in 1882. Max. 6-2 to 6-4 ; min. 68 to f'l. Mean 
period, 360 days. 

R CassiopeUe : 23 h, 53 m. 19 s., N. 50° 50'. Discovered by 
Pogson in 1853. Max. 48 to 7'6; min, 97 to 12. Mean period, 
429*5 days, with some irregularities. The colour is reddish. 
Peek called it ' fiery red, J and says ; "There is a slight hazy look 
round the star, as if seen through an atmosphere.' A maximum 
(7 "6 magnitude) was observed by Grover on December 2, T902 
(interval since last maximum, 4T4 days). Spectrum of the third 
type. In September, 1899, Espin found the lines D 3 and H? 
bright. 

In addition to the above, there are many other known 
variables of long period, but they are mostly faint, even at 
maximum, and not well within the reach of amateurs with small 
telescopes. 

It will be noticed in the preceding list that in some cases the 
observed interval between two maxima does not agree well with 
the mean period found by previous observations. In these cases 
the observer should add the mean period (or multiples of the 
period) given to the observed date of maximum, and then watch 
the star at the next maximum to see whether it is before or after 







its time. In this way much useful work maybe done by amateur 
observers — work which does not come within the province of 
the professional astronomer. 

Irregular Variable Stars. — There are a number of 
stars which are certainly variable in light, but which 
seem to have no regular period. In most of these the 
amount of variation is small, and sometimes not easily 
detected. There are, however, some interesting objects 
in this class. 

The following are among the most interesting of the irregular 
variables : 

a Cassiopeia : R.A., o h. 34 m. go s., N. 55° 59/3'. Discovered 
by Birt in 1831 ; confirmed by Sir John Herschel and others. 
Variation from 2'2 to 2"8 magnitude. Chandler says : ' Varia- 
tion only occasionally evident.' Colour reddish. Spectrum of 
the second type (K, Pickering). 

f> Persei : 2 h. 58 m. 46 s., N. 38 272'. Discovered by 
Schmidt in 1854 while using it as a companion star for Algol. 
Max. 3"4 ; min. 4"2. The colour is yellowish, and Duner calls 
the spectrum ' superbe.' Third type. 

e Auriga? : 4 h. 54 m. 47 s,, N. 43 40"5'. Suspected by Fritsch 
in 1821 ; confirmed by Schmidt 1843, and independently by 
Heis in 1847. Max, 3 ; min. 4*5. Colour nearly white. Spec- 
trum of the second type (F, Pickering). 

a. Orionis (Betelgeuse) : 5 h. 49 m. 45 s., N. 7° 23-3'. Dis- 
covered by Sir John Herschel in 1840. It varies from about 
02 to 1 magnitude, with no regular period. The star is very 
reddish, and the spectrum a fine one of the third type. 1 I found 
the star unusually bright on October 16, 17, and 26, 1902. It 
was then brighter than Procyon, and equal to Capella. 

i) Argus: 10 h. 41 m. 11 s., S. 59° 9*5'. Discovered by 
Burchell in 1827. This famous variable star is one of the most 
remarkable objects in the heavens, varying as it has done 
through all grades of brightness, from that of Sirius to below 
the seventh magnitude 1 It was observed by Halley in 1677, 

1 Al-Sufi (tenth century) rated it 1-2 magnitude, and called 
Aldebaran first magnitude. 
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although there is evidence of a rough cycle of eighteen months.' 
Professor Pickering found the spectrum peculiar and with bright 
lines. 1 

/* Cephei : 21 h. 40 m. 27 s., N. 58 19-3'. Discovered by 
Hind in 1848. Confirmed by Argelander. This is Sir W. 
Herschel's 'garnet star," perhaps the reddest star visible to the 
naked eye in the Northern Hemisphere. Numerous observa- 
tions by the present writer in the years 1883 to 1899 show that 
the star is certainly variable from about 37 to 48 magnitude, 
but with apparently no regular period. Bright phases were 
observed on February 13 and May If, 1885, when y. was very 
little inferior to ? Cephei. The spectrum is a very fine one of 
the third type, ' the separating spaces being sharp, dark, and 
very broad. 1 

|8 Pegasi : 22 h. 58 m. 55 s., N. 27 32*4'. Discovered by 
Schmidt in 1847. Variation from 2*2 to 2*7 magnitude, 

Short-Period Variables. — This is a most remarkable 
and interesting class of variable stars. Most of those 
hitherto discovered may be followed with the naked eye 
or a binocular field -glass through all their changes of 
brightness. The periods range from a few hours to 
several days. In a few cases the periods are longer, and 
extend to twenty to fifty days. The increase of light is 
usually more rapid than the decrease, but there are 
some exceptions to this rule. 

The following list includes the most interesting of the short- 
period variables now known. They are given in order of right 
ascension, and the positions are for 1900 : 

i" Geminorum : 6 h. 58 m. n s., N. 20° 43'. Discovered by 
Schmidt in 1847. Variation from 37 to 45 magnitude. Period 
10*15382 days=io d. 3 h. 41-5 s. It was found to be a spectro- 
scopic binary by Campbell and Wright, but — like n Aquilx 
and S Cephei — the variation does not seem to be due to an 
eclipse. Spectrum of second type (G). 



1 A strophyskal Journal, August, 1896, p. 1 40. 
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V Carina : 8 h. 26 m. 41 s., S. 59 47"3'- Discovered by 
Roberts in 1892. Max. 74 ; rain. 81. Period, 66951 days. 

T Velorum : 8 h. 34 m. 26 s., S. 47 07'. Discovered by 
Roberts in 1892. Max. 765 ; min. 8*5. Period, 4*6392 days. 

V Velorum : 9 h. 19 m. 15 s., S. 55 32 - o'. Discovered by 
Roberts in 1892. Variation from 7*5 to 8"2 magnitude. Period, 
4"37°9 days. Roberts says : * Light variation very regular. 
Ascent to a maximum rapid." 

S Muscae: 12 h. 7 m. 24 s., S. 69° 357'. Discovered by 
Roberts in 1891. Varies from 6' 4 to 73 magnitude. Period, 
9*657 days. Light curve irregular. 

T Crucis: 12 h. 15 m. 54 s., S. 6i° 43-6'. Discovered by 
Roberts, 1895. Variation from 6*85 to 7*6 magnitude. Period, 
67322 days. Light variation regular. 

R Crucis : 12 h. 18 m. 8 s., S. 6i° 4'5'. Discovered by 
Roberts in 1891. Variation from 6"8 to 7*9 magnitude. Period, 
$■82485 days. 'Variation very regular. Maxima and minima 
very distinctly marked." 

R Muses : 12 h. 35 m. 59 s., S. 68° 51 '$'. Discovered by 
Gould in 1S71. Variation from 6"5 to 76 magnitude. Period, 
0882495 day=20 h. 10 m. 47*5 s, ' Variation very interesting,' 
' There is no evidence of secular change in the period of the 
star' (Roberts). Gould remarked that ' its average brightness 
is so near the limit of ordinary visibility in a clear sky at Cor- 
doba that the small regular fluctuations of its light place it 
every few hours alternately within or beyond that limit.' 

S Crucis : 12 h. 48 ra. 27 s., S. 57° 53'3'. Discovered by 
Roberts, 1891. Varies from 6*5 to 7*6 magnitude. Period, 
4 , 68989 days. Roberts says : ' An almost typical example of 
short-period variation. Descent to a minimum as well as 
ascent to a maximum continuous.' 

V Centauri ; 14 h. 25 m. 23 s. s S. 56 26-6'. Discovered by 
Roberts in 1894. Max. 6"4 to 6"6 ; min. 7"S. Period, 5-49394 
days. ' At maximum the rate of variation is rapid ' (Roberts). 

T Trianguli Australis: 15 h. o m. 24 s., S. 68° 201'. Dis- 
covered at Cordoba ; confirmed by Roberts. Variation from 
6 - 9 to 7*4 magnitude. Period, o'g8 day, or 23 h. 31 m. 

R Trianguli Australis: 15 h. 10 m. 49 s., S, 66° 77'. Dis- 

1 Astronomical Journal, February 16, 1901. 
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covered at Cordoba, 1871. Varies from 6*7 to 7*4 magnitude. 
Period, 3*3891 days, or 3 d. 9 h. 20*3 s. Light curve regular. 

S Trianguli Australis : 15 h. 52 m. 12 s., S. 63 29V. Dis- 
covered at Cordoba. Variation from 6*4 to 7'4 magnitude. 
Period, 63231 days. 

U Trianguli Australis : 15 h. 58 m. 25 s., S. 62 383'. Dis- 
covered by Roberts in 1893. Variation from 775 to 84 magni- 
tude. Period, 25683 days. ' Almost stationary at its maximum 
for about twelve hours * (Roberts). 

S Normse : 16 h, 10 m. 35 s., S. 57 392'. Discovered by 
Roberts, Max. 6*6 ; min. 74 to 7*55. Period, 97525 days. 
According to Roberts, it ' departs considerably from the ordinary 
type of short -period variation, the ascending period being almost 
of the same duration as the descending period/ 

X (3) Sagittarii : 17 h. 41 m. 16 s., S. 27 s ' 47*6'. Discovered 
by Schmidt in 1866. Varies from 4 to 6 magnitude. Period, 
7*01185 days, but this requires a small correction. The spec- 
trum is of the second type (K, Pickering). 

Y Ophiuchi : 17 h. 47 m. 17 s,, S. 6 a 7'i*. Discovered by 
Sawyer in 1888. Variation from 6*2 lo S magnitude. Period, 
17*1207 days. 

W {7 1 ) Sagittarii ; 17 h. 58 m. 38 s., S. 29° 35*1'. Discovered 
by Schmidt in 1866. Varies from 4-8 to 58 magnitude. Period, 
7*59460 days. 

Y Sagittarii : 18 h. 15 m. 30 s., S. 18 54*3'. Discovered by 
Sawyer in 1886. Variation 5*8 to 6'6 magnitude. Period, 
57732 days. The colour is white, and the spectrum of the 
second type (G, Pickering). 

59 (d) Serpentis : 18 h. 22 m. 6 s,, N. o° 8*2'. Discovered by 
M tiller and Kempf in 1891. Varies from 5 to 5*7 magnitude- 
Period, 872 days. The spectrum is of the first or Sirian type. 

U Sagittarii: 18 h. 26 m. os., S. 19 117'. Discovered by 
Schmidt in 1866. Variable from 7 to 8*3 magnitude. Period, 
6*7446 days. 

/3 Lyra : 18 h. 46 rn. 23 s., N. 33 14*8'. Discovered by 
Goodricke in 1784. Variation from 3*4 to 4*5 magnitude. Mean 
period, 12 d. 21 h. 46 m. 58*3 s. (Reed). A remarkable and 
interesting variable. There are two maxima of 3*4 magnitude, 
and two minima, one 3*9 and one (the chief minimum) 4*5 mag- 
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nitude. Situated as it is near a good comparison star, y Lyras, 
the fluctuations in the light of p Lyra: are very evident and 
interesting, and can be well observed with the naked eye. In 
recent years the star has been found to be a spectroscopic 
binary, a fact which seems to be in some way connected with 
the star's variation (see Spectroscopic Binaries in last chapter). 
The spectrum is of the second type (G, Pickering). 

* Pavonis : 18 h. 46 ro. 38 s., S. 6|°2i.5', Discovered by 
Thome in 1872. Variation from 3*8 to 5*2 magnitude. Period, 
9*0908 days. A very interesting variable star, as all the light 
changes can be observed with the naked eye. ' Light curve 
regular.' Period seems to be constant. There is an approxi- 
mate equality between the ascending and descending rates of 
variation. 

U Vulpeculae : 19 h. 32 m. 15 s., N. 20 66'. Varies from 
7 to 7'68 magnitude. Period, 7*97997 days. 

U Aquarii : 19 h. 38 m. 58 s., S. 7° 15'. Discovered by 
Sawyer in 1886. Varies from 6*4 to 71 magnitude. Period, 
7'0240 days. The star is white. 

tj Aquila? : 19 h. 47 rn. 23 s., N. o° 45'. Discovered by Pigott 
in 1784. Variation from 3*5 to 47 magnitude. Mean period, 
7 d. 4 fa. 14 m., with oscillations of a few hours in the time of 
maxima and minima, according to Dr. W. j. S. Lockyer. From 
spectroscopic observations Belopolsky finds evidence of orbital 
motion in a period of 7 days 4 hours, but he thinks that the 
variation of light cannot be produced by an eclipse (as in the 
of Algol), as the times of observed minima do not agree 
with the time of an eclipse in the computed orbit. The colour 
of the star is yellow, and the spectrum of the second type (G). 

S (10) Sagittie : 19 h. $t m. 29 s., N. 16 22"2'. Discovered 
by Gore in 1885. Variation from 5*6 to 6*4 magnitude. Period, 
8*38320 days=8 d, 9 h. 11 m, 48 s. The minimum occurs 3*40 
days before the maximum. Owing to its proximity to a good 
comparison star — 1 1 Sagittae — the fluctuations of light, although 
comparatively small, are very evident and interesting when 
observed with an opera-glass or binocular field-glass, with 
which instrument the variability was discovered. At the maxi- 
mum it is slightly brighter than 11 Sagittal, and at the minimum 
considerably fainter. Espin remarks that the star is ' about four 

5—2 



68 



THE STELLAR HEAVENS 



days visible to the naked eye, and four days invisible.' The 
colour is white. 

X Cygni : 20 h. 39 m. 29 s., N. 35 1 j'6'. A little south-west 
of \ Cygni. Discovered by Chandler in 1886. Max. 64 ; 
min. yz to 77. Period, "6*3855 days. An interesting variable. 
'The increase of light occupies four days, the decrease ten days, 
with a halt in the latter about midway of its course.' There are 
bright and faint minima, but regularly alternating. The colour 
is white. Can be well observed with an opera-glass. 

T Vulpecula? : 20 h. 47 m. 13 s., N. 27° 52-5'. Closely north- 
west of 32 VulpeculfE. Discovered by Sawyer in 1885. Variable 
from 5' 5 to 6*5 magnitude. Period, 44360 days, or 4 d. 10 h. 
27 m, 50 s. The minimum occurs about i'4 days before the 
maximum. A very interesting variable, and can be well ob- 
served with an opera-glass. The colour is white, and the 
spectrum of the second type (F, Pickering). 

3 Cephei : 22 h. 25 m. 27 s,, N. 57 54'2'. Discovered by 
Goodricke in 1784. Variation from 37 to 4*9 magnitude. 
Period, 5 d. 8 h. 47 m. 39*3 s.i with some irregularities. A very 
interesting variable. All the light fluctuations can be observed 
with the naked eye. The colour is yellowish, and the spectrum 
of the second type (G). It is a spectroscopic binary, but, like 
7] Aquila;, the light changes are not well accounted for by the 
orbital motion of two components. 

The following have longer periods, and seem to form 
a connecting link between the short-period and long- 
period variables : 

T Monocerotis : 6 h. 19 m. 49 s., N. 7 8-4'. About 2^° west 
of 13 Monocerotis. Max. 5*8 to 6*4; min. 7*4 to 8'2. Period, 
27-0122 days (Yendell). It can be followed through all 
its changes with a binocular field-glass. The spectrum is of 
the second type (G, Pickering). Maxima were observed by 
Yendell, 1902, January 31, March 3, and March 29. 

U Monocerotis : 7 h. 26 m. 1 s.> S. 9 34'. Discovered by 
Gould, 1873. Max. 5*9 to 73 ; min. 6'6 to 8, Period, 46T days, 
but with some irregularities. The spectrum is of the second 
type (K, Pickering). Can be well observed with an opera-glass. 

- Cygni : 21 h. 38 m. 46 $., N. 43 7*6'. Discovered by Miss 
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Wells at Harvard. Variation from 72 to 11*2 magnitude (photo- 
graphic magnitudes). Period, about 40 days. The variation is 
unusually large for so short a period. 

Most of the short-period variables lie in or near the Milky 
Way. The only well-marked exception to this rule seems to be 
W Virginis, a faint star with a period of about 1727 days. 1 

Algol Variables. — The famous variable star Algol 
(/3 Persei) is the type of this interesting class of variables. 
The character of the variation is a peculiar one, and is 
quite different from other variables, AH the light fluctua- 
tions take place in the course of a few hours, while for 
the remainder, and much the longer portion, of the 
period the light remains constant at a maximum,. The 
number of these variables known at present is com- 
paratively small, but since the discovery of spectroscopic 
binaries it has become probable that they may be much 
more numerous than is generally supposed. Owing to 
the character of the variation, their discovery is a matter 
of no small difficulty. A minimum of a star of this class 
may be observed by chance, but, from ignorance of its 
period, we cannot tell when to expect another minimum, 
and consequently a long time may elapse before the 
suspicion of variability can be confirmed. It seems 
certain now that the variation of light in stars of this 
class is due to an eclipse by a dark or bright comparison. 

The following list includes, I think, all the variables of this 
class hitherto discovered. 3 Some of them are faint, and can 
only be observed with a good telescope. They are given in 
order of R.A. 

U Cephei : o h. 53 m. 23 s. t N. 8i° 2o - 2'. Discovered by 
Ceraski in 1S80. Max. yi ; min. 9*2 to 9/5. Period, 2 d. 1 1 h. 
49 m. 38 s. The light fluctuations occupy about ten hours, 
or about one-sixth of the period. The light is stationary 
for nearly two hours at the minimum. Decrease of light more 



1 See Appendix, Note M. 
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rapid than the increase. The colour is white, bat turns ' ruddy' 
near the minimum. The spectrum is of the first or Sirian type, 
a feature usual in variables of this class. 

- Persei=D M + 41 , 504: 2 h. 33 m. 23 s. s N. 41 487' 
Discovered by Stanley Williams, 1902. Varies from 94 to 
nearly 12 magnitude. Period, 3 d. 1 h. 21 m. 32*33 s. 

Algol Ifi Persei) : 3 h, 1 ra. 40 s., N. 40° 34"2'. Discovered by 
Montnnari in 1669, and independently in 1782 by Goodridte, 
who determined its period. Max, 2-3 ; min. S'S- Mean period 
at present, 2 d. 20 h. 48 m. 55*6 s., but subject to a secular 
variation of a few seconds. The light changes occupy a little 
over nine hours. Schmidt found that the brightness of Algol is 
equal to that of S Persei about forty-seven minutes before and 
after minimum ; to that of * Persei about sixty-two minutes 
before and after the same ; and to that of p Trianguli ninety- 
five minutes before and after minimum. Vogel found,, from 
observations with the spectroscope in 1888 to 1889, that the 
variation of light is caused by a dark eclipsing satellite— a 
theory originally suggested by Goodricke, Vogel's observa- 
tions show that the distance between the components is about 
3,250,000 miles from centre to centre, and their diameters about 
1,060,000 and 830,000 miles respectively. From this it follows 
that the combined mass is about two-thirds that of the sun. 
The star is at present white, but is recorded as red by the 
Persian astronomer Al-Sufi in the middle of the tenth century— 
a remarkable instance of change of colour in a star. The 
spectrum is of the first or Sirian type (A, Pickering). 

A Tauri : 3 h. 55 m. 8 s., N. 12* I2"5'. Discovered by Baxen- 
dell in 1848. Varies from 3*4 to 4'2 magnitude. Mean period, 
3 d. 22 h. 52'2 m., but with inequalities sometimes amounting to 
3 hours. The spectrum is of the first type (B 3 A, Pickering). 

R Canis Majoris : 7 h. 14 m. 56 3., S. 16 124'. Discovered 
by Sawyer in 1887. It varies from 5-9 to 67 magnitude. Period, 
1 d. 3 h. 15 m. 46 s. The light fluctuations occupy about five 
hours. The spectrum is of the second type (F, Pickering). 

RR Puppis: 7 h. 43 m. 31 s., S. 41 7'6', Discovered by 
R. T. A. Innes in 1895. Variation from 10 to H magnitude- 
Period, 6 d. 10 h. 19 m. 25 s. Variation regular, The light 
fluctuations occupy about fourteen hours, and at minimum the 
light is stationary for about eight and a half hours. Roberts 
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totJS', 'The light changes are accounted for by the revolution 
m the plane of sight of two stars, one three and a half times 
larger than the other, the smaller star being, however, one and 
a half times brighter than its larger companion. On this 
supposition, a secondary minimum would be practically inap- 
preciable.' 1 He finds that the density of the component stars 
cannot be greater than o"i6 (sun's density=i). 9 

V Puppis=Lacaille 3105 : 7 h. 55 m. 22 s., S. 48 58"4'. Dis- 
covered by Williams in 1S86. Max. 4*14 ; min. 4'66 to 478. 
Period, 1 d. 10 h. 54 m. 267 s, (Roberts). 'Light curve of the 
same type as U Pegasi. Variation continuous and symmetrical 
on either side of minima.' 1 There is no stationary period at 
minimum. The spectroscope shows the star to be a close 
binary. Professor Pickering says? 'The period 1454 days 
satisfies the observations of the changes, and of the varying 
separation of the lines in the spectrum." Spectrum of brighter 
component appears to be class B 1 A, that of the fainter B 3 A. 
l The separation is very large, and micrometer measures give 
the relative velocity of the two components as 610 kilometres'* 
(378 miles !) a second. This gives a mass of over seventy times 
the mass of the sun ! According to Roberts, the density cannot 
be greater than 0*02 of the sun's density, and he thinks that 
* the two component stars revolve round one another in actual. 
contact' (The italics are Roberts'.) 

X Carina? : 8 h. 29 m. 7 s., S. 58° 53-2'. Discovered by 
Roberts in 1892. Max. 79; min. 8'6o to 8"68. Period, 12 h. 
59 m. 29*9 s. ' Light variation very regular. There is no 
stationary phase at minimum' (Roberts, who thinks the period 
may possibly be double that given above). 

S Cancri: 8 h. 38 m, 14 s., N. 19° 236'. Between 7 and 3 
Cancri. Discovered by Hind in 1848. Variation, 8*2 to 98 mag- 
nitude. Period, 9 d. 1 1 h. 37 m- 45 s- The light fluctuations 
occupy twenty-one and a half hours. Argelander remarked that 
after minimum the light begins to increase very rapidly, and he 
was inclined to think that the descent from the maxima is even 
still more rapid. It was once observed very faint at minimum. 






1 Astrophyskul Journals Nos. 491, 492 (1901, February 16), 
p. 88. a Ibid., April, 1901. 

3 Annals of Harvard College ', vol. xxr* 'i. s p. 17! 
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S Antliie: 9 h. 27 m. 56 s., S. 28 ii"2'. Discovered by Paul 
in 188S. Varies from 67 to 73 magnitude. Period, 7 h. 46 m. 
48 s. The light fluctuations occupy about three and a half 
hours. Pickering finds that the light curve does not resemble 
those of p Lyra? and U Pegasi, The period is one of the shortest 
known, the star going through all its fluctuations of light three 
times over within twenty-four hours ! 

S Velorum : 9 h. 29 rn. 17 s., S. 44 45*9'- Discovered by 
Woods in 1894. Variation from 78 to 9*3 magnitude. Period, 
5 d. 22 h. 24 ro. 21 •[ s. Variation very regular. The light 
fluctuations occupy about fifteen hours, and the light is stationary 
at minimum for 6 h. 18 m. Roberts says : 'The passing into 
and from the stationary phase is abrupt ; the form of the light 
curve at these two points being practically a right angle, . . . 
The explanation that naturally suggests itself is that in stars of 
this type of variation we have two bodies, one bright and small, 
the other dark and large, revolving round one another, the 
darker body eclipsing the brighter each revolution/ 

— Velorum : 10 h. 16 m. 44 s., S. 41 43"8', Discovered by 
Roberts in 1901. Varies from 10 to 10*9 magnitude. Period, 
1 d. 20 h. 30 m. 2 s. The light changes occupy 3 h. 20 m. No 
stationary period at minimum. Ascending and descending 
phases equal. 

RR Centauri : 14 h. 9 m. 5S s., S. 57 233'. Varies from 
7"4 to 7 85 magnitude. Period, 7 h. 16 m. 55 s. It seems to be 
a sort of connecting link between the short-period variables and 
those of the Algol type. ' Variation within narrow limits, usually 
half a magnitude, very rapid and very regular 1 (Roberts). 

S Libra; : 14 h. 55 m. 38 s., S. 8° 73'. Discovered by Schmidt 
in 1859. Variation from 5 to 62 magnitude. Period, 2 d, 7 h. 
51 m. 22'8 s. Light fluctuations occupy twelve hours. The 
spectrum is of the first or Sirian type. 

U Corona?: 15 h. 14 m, 7 s., N, 32° o"8'. Discovered by 
Winnecke in 1869. Varies from 7^5 to 89 magnitude. Period, 

3 d. ro h. 51 m. i2"4s., with some irregularities. The light 
fluctuations occupy nearly ten hours. 

R Arre: 16 h. 31 m. 26 s., S. 56 47"6'. Discovered by 
Roberts, 1891. Variation from 6'8 to 7-9 magnitude. Period, 

4 d. 10 h. 12 m. 7*9 s. Light fluctuations occupy 9 h. 12 m. 
No stationary phase at minimum. 
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U Ophiuchi: 17 h. ri m. 27 s., N. i° 19-3'. A little north of 
41 Ophiuchi. Discovered by Gould, 1871, and Sawyer, i88r. 
Variation from 6 to 67 magnitude. Period, 20 h. 7 m. 42*56 s^ 
ttritb some irregularities. Light fluctuations occupy five hours. 
Observations by Chandler and Sawyer show a curious ' stand- 
still ' in the light increase for some fifteen minutes after the 
minimum. Colour white, and spectrum of the first type (B, 
Pickering). 

Z Herculis : 17 h. 53 m. 26 s., N. 15° 8"S'. Variation dis- 
covered by Muller and Kempf. Found by Chandler to be of 
the Algol type. Max. 6"8g ; min. 7*35 to 8*05. Period, 3 d. 
49 m. A secondary minimum occurs "about three hours 
earlier than the midway point between the principal minima' 
(Chandler). The relative brightness at maximum, secondary 
minimum, and principal minimum are in the proportion of 3 : 2 : i . 
From a mathematical investigation of the orbit described by 
the two components Duner arrives at the following conclusions : 
lerculis consists of two stars of equal size, one of which is 
c as bright as the other. The stars revolve around their 
centre of gravity in an elliptical orbit, whose semi-axis major is 
six times the diameter of the stars. The plane of the orbit 
passes through the sun, the eccentricity is 0247 J, and the line 
of apsides is inclined at an angle of 4 to the line of sight. The 
stars revolve in this orbit in 3 days 23 hours 48 minutes 
30 seconds,' and he adds : ' Hence Z Herculis stands in an 
isolated position among stars of the Algol type, or, rather, forms 
a hitherto missing link between stars of the pure Algol type and 
Y Cygni.' 1 (See Appendix, Note I.) 

S Sagittarii: 18 h. 10 m. 59 s., S. 34 8 - 5'. Discovered by 
Gould in 1874. Max. 66 ; min. 6*9 to 7*6. Period, 2 d. 9 h. 
58 m. 367 s. The duration of the principal minimum is twelve 
and a half hours, and that of the secondary eight hours. 

- Serpentis DM + 12 , 3557: 18 h. 26 m. 1 s., N. 12 32*6'. 
Discovered by Sawyer. Variation from 7 to 7-5 magnitude. 
Period, o d. 21 h. 21 m. 

- Scuti ; 18 h, 48 m. 24 s. s S, 12 48-6'. Discovered by 
Ceraski in 1901. Variation from 9 to 9"6 magnitude. Period, 
22 "9 hours. 
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- Lyra;: 19 h. 12 m. 23 s., N. 32 IS'5'. Discovered b" 
Stanley Williams, 1902. Variation from ri to I2'8 magnitudes- 
Period, 3d, 14 h. 22 m. 23 J 3. Light fluctuations eight hours. 

- Sagittae=DM + !9 3 , 3975 : 19 h. 14 m. 26 s. f N. 19° 254'. 
Discovered by Schwab, 1901. Max. 6'5 ; min. nearly 9. Period, 
3-38 days=3 d. 9 h. 7 m. Variation unusually large for an Algol 
star. 

- Cygni : 19 h. 42 m. 7 s., N. 32 28'. Discovered by Madame 
CeraskL Variation about 11 to 13 magnitude. Period, 
6d. oh. 88 m. 

- Cygni : 20 h. 4-3 m., N. 46 1'. Discovered by Madame 
Ceraski. Varies from 8*6 to below 11 magnitude. Period, 
4 d. 13 h. 45 m. 2 s. The variation amounts to about three 
magnitudes, and therefore exceeds that of any other known 
Algol variable. Light fluctuations occupy about thirteen hours. 
Spectrum first type. 

- Cygni : 20 h. 19 m. 39s., N, 42 55'. Discovered by Stanley 
Williams, 1901. Varies from 10 to 12 magnitude. Period, 
3 d. 10 h. 49 m. Decrease of light takes three and a half 
hours, increase 4 h. 10 m. Light constant at minimum for fifty 
minutes. 

W Delphini : 20 h, 33 m. 7 s. t N. 17° 56'. Discovered by 
Miss Wells at Harvard Observatory (U.S.A.), 1895. Max. 9-5 ; 
min. below 12. Period, 4 d. 19 h. 21*2 m. (Pickering). 

Y Cygni : 20 h. 48 m. 4 s., N. 34° 17'. Discovered by 
Chandler, 1886. Variation from 7'i to 7 - g magnitude, but 
variable at minimum. Period for even minima, id. 11 h. 57 m. 
27-6 s., and for odd minima 1 d. n h. 5,7 m. 15-2 s. (Duner). 
The light fluctuations occupy about eight hours. An investiga- 
tion of the elliptic elements of this variable by Dr. Duner leads 
him to the following result : * The variable star Y Cygni consists 
of two stars of equal size and equal brightness, which move 
about their common centre of gravity in an elliptic orbit, whose 
major axis is eight times the radius of the stars. The period of 
an anomalistic revolution is 2'990933 days, and the eccentricity 
is 0"i45, A minimum occurred while the stars were at peri- 
helion (?) at 21 h. 26 m. G.M.T, on December 8, 1885. The line 
of apsides of the orbit, which then coincided with the line of 
sight, completes one revolution in the plane of the orbit in 4 r 1 
tropical years' {Astrophysical Journal, April, 1900). 
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- Cygai :21k. 1-3 »>X_<$- 
Uncovered by TfnTnai Cera 
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Professor Bailey in aid 133 ae rae dbneer Keawer; 
in Canes Venatici ! In the daman Xs. 527* -rf toe #ew 
General Catalogue of Xebnfce ie fcnmi ;:^ ix toe 
cluster Iff aiii 15, 85 have bees desecsec vce c£ 75^ 
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tauri. Variables have ab» beer, knout jcl *ub>£ crts** 
clusters, but in the weC-inown chaser xs Hercuii*, 
Messier 13, there are very fear, if anr. 

The mean period of forty of tibe variables is the cluster 
Messier 5 is 0-536 «L, orwk 37-4 m- tbe longest period being 
14 h. 58*6 m-, and the shortest 10 1l & no. The range *A varia- 
tion is b etween 0*7 and 14 magnitude. The light curves ace all 
very similar, showing a rapkl decrease of light, but a much 
more rapid increase. This has been called the * duster type/ 
There is probably no duration of maximum. In some cases 
the fight at minimum seems to remain constant, or neariy so, 
for a few hoars. In the cluster « Cemauri ' no such uniformity 
was found,' bat it contains many variables of the duster type. 
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Professor Bailey divides the whole period of variation of this 
type as follows : 

Duration of maximum phase... 

Duration of minimum phase 40 „ 

Duration of decreasing phase ... 50 „ 

Duration of increasing phase ... 10 „ 

The shortest period known is that of No. 91 in w Centauri, 
which is 6 h. 11 m., but possibly there may be some with even 
shorter periods (A strophysical Journal, November, 1 899, p. 257). 

Suspected Variables. — There are a number of stars 
which, have been suspected of being variable in light, 
but which have not yet been admitted into the ranks of 
1 known variables.' They form good objects for observa- 
tion by amateur astronomers. 

The following are some of the most remarkable and interest- 
ing cases : 

3 Ursae Majoris : This is the faintest of the well-known seven 
stars forming the Plough, or ' the Churl's Wain,' 1 and has long 
been suspected of variation in light. It was rated second 
magnitude by Tycho Brane" and the Prince of Hesse ; Al-Sufi 
and Argelander made it 3*4 ; Bradley 3'o, and Heis 4 - 3. It was 
measured 3:41 at Harvard. Schonfeld thought that variation 
was established, with a long period. The spectrum is between 
the first and second types (A 2 F 3 Pickering). 

a Hydra. 1 : This reddish star, called by the ancient Chinese 
*the Red Bird,' and by the Arabians al-fard i the solitary one,' 
owing to its isolated position in the sky, south of the ' Sickle ' 
in Leo, was suspected to be variable by Sir John Herschel. It 
was observed to be very bright by Gemmill on February 20, 
18S2, and again unusually bright on May 9, 1883, when he 
thought it nearly equal to Pollux. It was rated second magni- 
tude by Ptolemy, Al-Sufi, Argelander, and Heis, but Houzeau 
estimated it third magnitude in 1875. It was measured 2*02 at 
Harvard. Its spectrum is between the second and third types 
(K 2 M, Pickering). 
\ Draconis : I have long suspected this star to be variable 

1 Popularly, but erroneously, called ' Charles's W 



in light. My own observations from 1876 to 1891 show decided 
fluctuations to the extent of nearly one magnitude. It was 
rated third to fourth magnitude by Ptolemy, Al-Sufi, Argel- 
ander, and Heis, but Houzeau made it 4-5 in 187$. The star is 
of an orange hue, and the spectrum of the third type. 

8 Serpentis : This star was rated fourth magnitude by 
Ptolemy, Al-Sufi, Ulugh Beigh, Lacaille, and Pigott, but 
third magnitude by Tycho Brahe", Hevelius, Bayer, Flamsteed, 
Bradley, and De Zach. Piazzi and Smyth made it 4/5, and 
Montanari called it fifth magnitude. The Cordoba estimates 
range from 4/1 to 4*6 magnitude, and Gould thought there were 
strong indications of variability in one of the components (it is 
a double star). He gives the magnitude as 4*5 and 47, but on 
one occasion at Harvard a difference of 1*4 magnitude was noted 
between the components. 

f Pegasi : This star, which is usually rated about 2*5 magni- 
tude, was found unusually faint by Schmidt in a perfectly clear 
sky on November 5, 1847. Signs of variation were also noted 
at Cordoba, Seidel believed it to be variable, and Schwab's 
observations indicate a period of about 26 days. 

83 Ursae Majoris : This star, which lies near f Urs£e Majoris 
(in the Plough), was seen by Birmingham as bright as 3 Ursae 
Majoris on August 6, 1868. It was fainter on the following 
night, and gradually decreased to its usual brightness. It was 
rated 6-5 magnitude by Argelander, and 5-6 by Heis and 
Houzeau. It was measured 4^83 magnitude at Harvard. Obser- 
vations by the present writer seem to indicate some slight 
variation. It has a spectrum of the third type. 

f Piscis Australis : This star was rated fifth magnitude by 
Ptolemy ; 5-6 by Al-Sufi ; sixth by Ulugh Beigh, Lacaille, and 
Harding; and 6-5 by Behrmann, Argelander, and Heis. It 
was estimated sixth magnitude by Houzeau in the year 1875. 
Gould found it 65 to 67 from observations at Cordoba. It 
was measured 6*62 with the photometer at Harvard. From 
insideration of the various recorded estimates, C. H. 
F. Peters concluded that the star is probably variable. The 
fact of its having been seen at all by Al-Sufi proves beyond 
reasonable doubt that it must have been brighter in his time 
than it is at present, and the estimates of Argelander and Heis 
seem to confirm the variability. 
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11 Cratcris : This star was rated 4-3 magnitude by Ptolemy ; 
5-6 by Al-Sufi ; fourth by Ulugh Beigh, Tycho Biahe*, and 
Hevelius ; sixth by Argelander and Heis ; 5*4 at Cordoba ; and 
only 6-7 by Houzeau. It was measured 50 r at Harvard. It 
seems to be certainly variable to a considerable extent ; other- 
wise it seems impossible to explain how a star which was seen 
only sixth to seventh magnitude by Houzeau, or barely visible 
to the naked eye, should have been rated fourth magnitude by 
Tycho Brahe", who was an accurate observer. The period of 
variation may, however, be very long. The spectrum is of the 
first or Sirian type. 

'The Story of 9 Eridani' has been^ already told in a most 
interesting paper in Knowledge (July, 1893) by Dr. Anderson, 
the discoverer of Nova Aurigae and Nova Persei. I fully agree 
with Dr. Anderson that Eridani is identical with the ' Last in 
the River ' of Ptolemy and the Achernahr of Al-Sufi, and that, 
consequently, the star has undoubtedly diminished in brightness 
from the first magnitude to about the third since the tenth 
century. It was one of Al-Sufi's thirteen first magnitude stars, 
and his clear description of its position places its identity beyond 
all doubt It was also rated of the first magnitude by Ulugh 
Beigh, and his position agrees with that of 9 Eridani. In recent 
years it has been suspected of variation in its light It is a. 
splendid double star — one of the finest in the heavens. The 
spectrum is between the first and second types (A 2 F). 

o Persei : This star and f Persei form a conspicuous pair 
about 8° north of the Pleiades. Al-Sufi, in his 'Description of 
the Heavens,' written in the tenth century, expressly states that 
the two stars were exactly equal in brightness (third to fourth 
magnitude) ; but o is at present about one magnitude fainter 
than f, and the superior brilliancy of f is noticeable at a glance. 
It seems certain, therefore, that has diminished in brightness, 
as the present magnitude of f agrees very well with what Al-Sufi 
made it. Al-Sufi was a most accurate observer. The spectrum 
of Persei is of the first type (B r A). 

7 Gerninorum : This star was rated third magnitude by 
Ptolemy and Al-Sufi, or equal to 5 Gerninorum ; but it is now 
of the second magnitude, and its superiority in brightness to * is 
noticeable at a glance. Spectrum, first type (A). 



a Ophiuchi and Canis Majoris were also rated third 
magnitude by Al-Sufi, but they are now about the second 
magnitude. 

a Sagittarii : 19 h. 16-9 m., S. 40 48'. This star was rated 
2-2 magnitude by Ptolemy, but only 4-5 by Al-Sufi. Lacaille 
estimated it 3*5. The Harvard measures make it 4' 13, thus 
agreeing well with Al-Sufi's estimate. The spectrum is of the 
first type (B 8 A). 

/3 Leonis : This star was rated first magnitude by Ptolemy, 
Al-Sufi, and Tycho Brans'; 1-2 by Flams teed ; but only second 
magnitude by Lalande, Argelander, Heis, and Houzeau. Ac- 
cording to the Harvard photometric measures, it is now below 
the second magnitude (2"28), and the measures are discordant. 
Variation was suspected by Sir William Herschel, and the 
present writer has seen signs of fluctuation in its light. The 
spectrum is between the first and second types (A 2 Fj. 

There are some telescopic objects which have been suspected 
of variation. The famous variable star Algol has several faint 
companions. One of these was discovered in 1787 by Schroter, 
who strongly suspected it to be variable. A writer in Nature 
(February 20, 1879) stated that he failed to see any trace of the 
star on several fine nights in the early part of 1874, using a 
seven -inch refractor ; but on September 9 of the same year 
he saw it very distinctly with the same instrument. It was 
measured by Talmage at the Leyton Observatory on October 2, 
1874, and estimated eleventh to twelfth magnitude, and in 1878 
by Burnbam, who found three other fainter companions, one 
not far from Schroter's companion, and forming with it a wide 
double star. Franks found Schroter's star 'easy enough 5 with 
an fleven-and-a-quarter-inch reflector on January II, 1885, and 
about two magnitudes brighter than Burnham's companion. 
Sadler thought it variable from about tenth to fourteenth mag- 
nitude in some short period. If variation is confirmed, it would 
be very interesting, as a variable companion to a known variable 
star would be a rather unique object. 

t Ursae Majoris : It was stated by Madler 1 that he found the 
companion to this bright star invisible on April i8 t 1841. About 
an hour afterwards it was again visible, and he suggested that 
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it is a variable of the Algol type. His account leaves it some- 
what uncertain whether Alcor (the naked-eye companion) or 
the telescopic companion is referred to ; but as he seems to 
have been using a telescope at the time, probably the close 
companion is intended, Alcor has also been suspected of varia- 
tion in brightness. 

7 Virginis s The components of this well-known binary star 
were thought by Struve to be alternately variable in brightness. 
His observations in 1851 and 1852 showed that sometimes the 
stars were exactly equal, and sometimes the southern star was 
from o - 2 to 07 magnitude brighter than the other. The period 
of variation would seem to be short, for Struve found the 
southern star half a magnitude brighter than the other on 
April 3, 1852, whereas on the 29th of the same month he found 
them ' perfectly equal/ The suspicion seems to be supported 
by the recorded measures of ' position angle,' some of which 
have been measured from one star, and some from the other, 
the brighter star being usually taken as the primary in measures 
of double stars. 

A remarkable fact about variable stars in general is 
that very few of them show any parallax or proper 
motion, so that they probably lie at a great distance from 
the earth. 

Method of Observation* — Variable stars form an 
interesting subject of study for the amateur observer. 
The method of observation is exceedingly simple. No 
instrument except a good opera-glass or binocular field- 
glass is necessary for the observation of the brighter 
variable stars when at or near their maximum brightness. 
Indeed, a few like Algol, j3 Lyrse, and t, Geminorum 
may be observed with the naked eye through all their 
fluctuations of light. Mira Ceti, when at a bright 
maximum, may be best observed without any optical aid. 
For those variables, however, which do not rise above the 
fifth magnitude at maximum an opera-glass or binocular 
is necessary. 
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The best method of observing variable stars in order 
to determine the dates of their maxima or minima is that 
known as Argelander's. This method consists in esti- 
mating with the naked eye, or opera-glass if necessary, 
the difference in * steps ' or ' grades ' between the variable, 
or suspected variable, and a comparison star near it, and 
not differing much from it in brilliancy. A 'step,' or 
smallest perceptible difference in brightness between two 
stars, is usually supposed to be about one-tenth of a 
magnitude. This differs, however, with different observers, 
but has generally a fixed, or nearly fixed, value for each 
individual. This value may be found by the observa- 
tion of a number of stars whose magnitudes have been 
determined by photometric measurement. If, however, 
we compare the star under examination with one star 
slightly brighter and another slightly fainter, the magni- 
tudes of the comparison stars being known, the absolute 
value of the observer's ' step ' will be of no consequence. 
A number of comparison stars should be selected in the 
immediate vicinity of the variable, the selected stars 
being of various degrees of brightness, so that one or 
two are available for comparison with the variable in all 
stages of its light while it is visible with the naked eye 
or binocular. The stars compared with the variable on 
any particular night should not differ much from it in 
brightness- If possible, two comparison stars should be 
used— one a little brighter, and the other a little fainter, 
than the variable. Differences of more than five or six 
steps should, if possible, be avoided, as a larger difference 
cannot be estimated with any degree of certainty. Having 
selected two comparison stars, the observer then divides 
mentally the difference in light between the comparison 
stars into a number of steps. If the difference is about 
one magnitude or so, ten steps should be taken, but if 

6 
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the estimated or known difference is smaller, six, seven, 
or eight steps will be sufficient. The light of the variable 
is then estimated, and the observation recorded in the 
following way : If we call a and b the comparison stars, 
differing about one magnitude, and V the variable, a 
being brighter than b t and if V is judged to be midway 
in brightness between a and b } we write &5V5&. If V 
is slightly nearer in light to a than to b, we note at[V6b. 
If V is slightly nearer to b, we write aSV^b. We may 
also write a^Vjb, or ajV^b, etc., as the case may 
be, the sum of the steps being always ten. If we esti- 
mate the difference between the comparison stars at, say, 
seven steps — a more desirable difference — we may write 
aiV^b, or &3V4&, or a 5V 2b, 1 as the case may be, the 
sum of the steps in this case being always seven. If 
the variable be estimated exactly equal to one of the 
comparison stars, we simply write V = a, or V = A, as the 
case may be. Some observers write a>V, or &< V, but 
this method should be carefully avoided, as it leads to 
confusion and ambiguity. Moreover, it is not Argelander's 
method. If a little map is made of the vicinity before- 
hand, and the comparison stars marked a, b, c, etc, an 
observation may be entered in the observing-book thus, 
1 Date ; a^\V6by ; clear sky, no moon ; 8-25 p.m.,' and 
the record is complete. The exact magnitude of the 
variable may then be easily found when the magnitudes 
of the comparison stars are known. In most cases the 
magnitudes of the comparison stars can be ascertabed 
from the photometric catalogues of Harvard Observatory. 
In making these estimates of magnitude, comparison 

1 If the comparison stars used are Flamsteed's or others, the 
figures representing the star should be placed in brackets to 
distinguish them from the steps. Thus : (72 Cygni) 3 (70) 3 
(69); December 10, 1901, 
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stars should be taken {at the time of observation) having 
about the same altitude (if possible) above the horizon 
as the variable. Professor Pickering states that l two 
stars apparently equal show a difference when placed 
one above the other,' the lower one being apparently the 
brighter. When comparing the relative brightness of 
two stars near each other, no attempt should be made to 
observe both stars simultaneously. Each should be looked 
at directly, and the eye passed rapidly from one to the 
other a number of times, so that the light of the star 
may fall on the same portion of the retina. Great stress 
is laid on this point by Argelander in his original paper 
on this method of observing * the comparative brilliancy 
of stars,' 1 and as some observers seem to disregard 
Argelander's instructions, I will quote his words here. 
He says : ' Look alternately at the two stars which are to 
be compared, and endeavour to receive the image on 
that part of the eye in which it is seen the brightest. 
On the other hand, exercise the most zealous care not to 
look at both stars at once, for in such case the two can 
never be seen at once in their full brightness." Only 
very clear nights should be used for making these 
observations, and care should be taken that none of the 
companion stars are dimmed by small fleecy clouds, 
which are often present in an otherwise clear sky. 
Argelander says : l When the weather is misty, when 
clouds are flying, in bright twilight, or too close prox- 
imity to the moon, such observations should not be 
undertaken. It is especially important to avoid the 
impression of any other light, and when the moon is up 
to place one's self in such a position that the moon will 
be hid by some object. Before observing, the eye should 

1 Silliman's American Journal, vol. xix., 1885, p. 344 ; and 
Schumacher's Jahrbuch for 1B44, p. 191. 
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be for some time accustomed to the darkness, in order 
that the pupil may be dilated as much as possible.' 

The magnitudes of the comparison stars may in most 
cases be obtained from the catalogues of photometric 
measures made at Harvard Observatory ; but for finding 
the time of maximum of a variable star the advantage of 
Argelander's method is that there is no necessity for the 
observer to know the actual magnitude of the comparison 
stars. By noting the difference in light between the 
variable and comparison stars each night, the actual time 
of maximum may be ascertained very accurately. And 
this is the most important thing to find in variable stars, 
for it enables us afterwards to ascertain the length of the 
period from maximum to maximum, which is the most 
important element to be determined. Some observers 
imagine that to observe variable stars accurately some 
form of photometer is necessary ; but this is quite a 
mistake. Ail the best variable star observers now agree 
that for this work the eye itself is the best photometer. 
Indeed, a skilled observer can estimate the brightness of 
a star by the aid of good comparison stars with greater 
accuracy than can be obtained with any photometer. 
But, of course, to obtain such a result considerable 
experience is necessary. 

Some observers in estimating star magnitudes by the 
method above described put the opera-glass or telescope 
slightly out of focus, and consider that in this way the 
effect of a star's colour on the eye is to a great extent 
eliminated. With reference to this method, Dr. Gould 
remarked (' Uranometria Argentina,' p. 452, note to 
1 Carinae) : ' The results are not very satisfactory, owing 
in part to the circumstance that many of the comparisons 
were made by putting the opera-glass out of focus, a 
method which our experience shows not to give results 
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in accordance with estimates by the method of sequences 
or by comparisons with artificial stars of measurable 
brilliancy.' The present writer fully agrees with this 
opinion, and has always found that the best results are 
obtained by accurately focussing the instrument used. 
For all the brighter stars no instrument whatever is 
necessary, naked-eye observations being in this case 
the best of all. This applies to all stars down to, say, 
the fourth magnitude. 



CHAPTER IV 
STAR CLUSTERS AND NEBULA 

Globular Clusters — Irregular Clusters — Irregular 
Nebulae — Spiral Nebulae — Planetary Nebulae — 
Annular Nebulae — Nebulous Stars. 

Globular Clusters* — The term ' globular cluster ' is 
applied to those clusters of stars which evidently occupy 
a space of more or less globular form. They have been 
aptly termed ' balls of stars,' and are among the most 
interesting objects in the heavens. There are some fine 
examples in both hemispheres, and they usually contain 
hundreds, and in some cases even thousands, of small 
stars. 

The following are among the most remarkable globular 
clusters. They are given in order of right ascension, and the 
positions are for 1900 - o. 

47 Toncani : oh. io"6 m., S. 72 39', It lies closely west of 
the smaller 'Magellanic Cloud 'in the Southern Hemisphere, 
and, with the exception of w Centauri, is, perhaps, the finest 
globular cluster in the sky. It is thus described by Sir John 
Herschet : ' A most magnificent globular cluster. It fills the 
field with its outskirts, but within its more compressed part I 
can insulate a tolerably defined circular space of 90" diameter, 
wherein the compression is much more decided, and the stars 
seem to run together; and this part I think has a pale pinkish 
or rose colour . . . which contrasts evidently with the white 
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light of the rest, . . . The stars are equal, fourteenth magni- 
tude, immensely numerous and compressed. ... It is com- 
paratively insulated. After it has passed, the ground of the 
sky is perfectly black throughout the whole breadth of the 
sweep . . . condensation in three distinct stages. ... A 
stupendous object.' Dr. Gould called it 'one of the most im- 
pressive, and perhaps the grandest of its kind, in either hemi- 
sphere.' According to Professor Bailey, who photographed the 
cluster at Arequipa, Peru, the number of stars it contains is 
about 1,500. Among these he found three variable stars, and 
three more were found by Mrs. Fleming. 

<■» Centauri]: 13 h. 208 m,, S. 46 57'. A magnificent 
globular cluster — the finest in the heavens. Clearly visible to 
the naked eye as a hazy star of the fourth magnitude. It was 
described by Sir John Herschel as 'beyond all comparison the 
richest and largest object of its kind in the heavens. The stars 
are literally innumerable. , . . All clearly resolved into stars of 
two magnitudes, viz n thirteenth and fifteenth, the larger 
lying in lines and ridges over the smaller. The larger stars 
form rings like lacework on it. . . . Altogether this object is 
truly astonishing.' This marvellous object has been photo- 
graphed by Sir David Gill at the Royal Observatory, Cape of 
Good Hope> and also at Arequipa, Peru, by Professor Bailey. 
On the latter photograph the individual stars can be distinctly 
seen and counted. The enumeration has been made by Pro- 
fessor and Mrs. Bailey, and the result is 6,387. Professor 
Pickering thinks, however, that the actual number in the cluster 
is about 5,050, some of those counted being really outside the 
cluster itself. Two variable stars have been found in this 
cluster. 

Messier 3 : 13 h. 37-6 m., N, 28 53'. A fine globular cluster 
with outliers, in Canes Venatici, about 12 north-west of 
Arcturus. Sir William Herschel with his twenty-feet reflector 
found it ' a beautiful cluster of stars 5' or 6' in diameter. 1 Sir 
John Herschel described it as very large and very bright, with 
btars of eleventh to fifteenth magnitude. A photograph by 
Dr. Roberts (taken in May, 1891) * confirms the general descrip- 
tion of previous observers.' No less than 132 variable stars 
have been detected among the outlines of this cluster. 
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Messier 5 : 15 h. 135 m., N. 2 27'. A globular cluster lying 
close to the fifth magnitude star 5 Serpentis. Sir William 
Herschel estimated the number of stars at 200, but it contains 
many more, A photograph by Dr. Roberts shows the stars to 
the fifteenth magnitude. No less than 85 variable stars out of 
750 have been detected among the outliers of this cluster. 

Messier 13, : 16 h.38"i m., N. 36°37'. This is the well-known 
globular cluster in Hercules. It lies between the stars y ami f 
Hercules, and is considered to be one of the finest of its class. 
It was discovered by Halley in 1714. Sir William Herschel 
described it as ' a most beautiful cluster of stars, exceedingly 
compressed in the middle, and very rich." He estimated the 
number of stars at 14,000, but the real number is probably not 
so large. From a photograph taken in America by Mr. H. K. 
Palmer, with an exposure of two hours, he finds the number to 
be 5,482, of which 1,016 are 4 bright ' and 4,466 'faint.' Lord 
Rosse found three dark streaks or lanes, which were also seen 
by BuflTiam. The existence of these dark lanes is confirmed 
by photographs taken by Dr. Roberts in 1887 and 1895, and 
they are also visible in Palmer's photograph. Dr. Roberts thinks 
that the cluster was probably evolved from a spiral nebula. 

Messier 92 : 17 h. 41*1 m., N. 43 15'. In a rather blank 
space in Hercules, about 6° north of v Herculis. Sir W. 
Herschel found it a brilliant cluster, 7' or 8' in diameter. Sir 
John Herschel described it as a globular cluster, very bright and 
large, and well resolved into small stars. Webb says it is a 
'very fine cluster, though not equal to M. 13; less resolvable, 
intensely bright in centre.' It has been photographed by Dr. 
Roberts. 

Messier 22 : 18 h. 30*3 m., S. 23 29'. About midway between 
ix and cr Sagittarii. Sir John Herschel describes it as ' a globu- 
lar cluster, very bright, very large, very much compressed, 7' 
diameter. The stars are of two magnitudes, fifteenth to six- 
teenth and twelfth ; and what is very remarkable, the largest of 
the latter are visibly reddish.' Webb found it ' very interesting 
from visibility of components, tenth and eleventh magnitude, 
which makes it a valuable object for common telescopes, and a 
clue to the structure of many more distant or difficult nebulas.' 
Observing with a three-inch telescope in the Punjab the present 
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writer found the larger stars well seen. The greater portion of 
the cluster is, however, nebulous with this aperture. 

Messier 55 : 19 h. 32 m., S, 31° t3'. Described by Sir John 
Herschel as ' a fine large, round cluster ; 6' diameter ; all 
clearly resolved into stars of eleventh, twelfth, and thirteenth 
magnitude.* Observing with a three-inch refractor in the Punjab, 
the present writer saw glimpses of stars in it with a low power ; 
it will not bear a high power with this aperture ; very much like, 
but not so bright as Messier 13 in Hercules. 

Messier 15 : 21 h. 25*1 m., N. ii° 43'. A globular cluster in 
Pegasus, in a comparatively vacant space about 4 north-east 
of the star 5 Equulei. It was discovered by Maraldi in 1745. 
Sir William Herschel resolved it into stars, and Sir John 
Herschel estimated them about fifteenth magnitude. A photo- 
graph by Dr. Roberts * confirms the general description' and 
shows the stars ' arranged in curves and patterns.' 

Messier 2 : 21 h. 28*3 m., S. i° 15'. A globular cluster of 5' 
or 6' in apparent diameter, situated in Aquarius about 5 north 
of the star § AquariL Sir William Herschel with his forty- 
feet telescope could see the individual stars even in the centre 
of the cluster, and Sir John Herschel compared it to ' a heap of 
white sand,' The stars are very faint, probably not above the 
fifteenth magnitude. Seen as a star, it was measured 7*69 
magnitude at Harvard. 

Irregular Clusters. — These are of an irregular shape 
and show no approach to the globular form. There are 
many fine examples of this class of star cluster. 

The following are some fine specimens : 

H VI, 33, 34 Persei : R.A. 2 h. 12 m. and 2 h. 15-4', N. 56 
41' and 56 39', This is the 'double cluster near x Persei, two 
magnificent clusters in the sword hand of Perseus,' and forming, 
as Smyth says, ' one of the most brilliant telescopic objects in 
the heavens.' They have been photographed at the Paris 
Observatory, and also by Dr, Roberts. May be well seen with 
a three-inch telescope. 

The Pleiades : 3 h. 41-5 m,, N. 23 48'. 1 The well-known 
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naked-eye cluster— probably familiar to most people. Viewed 
with an opera-gtass, it forms a good example of the appearance 
of a bright telescopic cluster as seen in a telescope. A photo- 
graph taken at the Paris Observatory in 1885, with three hours' 
exposure, shows about 2,326 stars down to the seventeenth 
magnitude. More recent photographs, however, show that the 
surrounding sky is quite as rich in faint stars as the cluster 
itself. We may therefore conclude that most of the faint stars 
apparently connected with the Pleiades do not really belong to 
the cluster itself, but probably He behind it in space. The con- 
clusion to which some astronomers have been led, viz., that the 
Pleiades cluster contains stars differing enormously in real size, 
seems, dierefore, quite fallacious. Most of the faint stars, which 
it apparently contains, have probably no connection whatever 
with the brighter stars which form the group visible to the 
naked eye. The existence of a considerable amount of nebulous 
matter apparently involved in the cluster has been disclosed by 
photography in recent years. Of cjt stars observed with the 
spectroscope at Harvard Observatory, 59 were found to be of 
type A, 8 of E, 14 of F, 1 of G, 8 of H, and I of type K, 

Messier 37 : 5 h. 457 m., N. 32° 31'. About midway between 
a. and <p Aurigas. Sir John Herschel describes it as a rich 
cluster, with large and small stars. Smyth called it ' a magnifi- 
cent object, the whole field being strewed as it were with spark- 
ling gold-dust, and the group is resolvable into 500 stars from 
the tenth to the fourteenth magnitude besides the outliers. 1 
These descriptions are confirmed by a photograph taken by 
Dr. Roberts, in which the stars are shown down to about the 
sixteenth magnitude. The surrounding region is pretty rich in 
stars. 

Messier 35 : 6 h. 27 m., N. 24 21'. A little north-west of 
the star 13 Geminorum. Just visible to the naked eye in a clear 
sky. It is a large rich cluster of stars about ninth to sixteenth 
magnitude. Lord Rosse called it * magnificent, 1 and Lasselt 
spoke of it as ' a marvellously striking object.' On a photograph 
taken by Dr. Roberts in February, 1893, he * counted 620 stars 
in the cluster within a circle of 26' of arc in diameter.' But a 
glance at the photograph shows that it is not nearly so rich in 
stars as the globular clusters. 
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Messier 41 : 6 b. 427 m., S. 20 38'. About 4 south of 
Sirius. Just visible to the naked eye. Messier described it as 
a mass of small stars. Webb says : * Superb group. . . . 
Larger stars in curves with ruddy star near centre,' which Espin 
suspects to be variable. 

Messier 46 : 7 h. 37*2 m., S. 14° 35', A little west of the star 
2 Ptippis. Sir John Herschel described it as "a superb cluster 
of stars, twelfth to sixteenth magnitude.' It includes a plan- 
etary nebula (Herschel), which Lassell, Lord Rosse, and Dr. 
Roberts found to be annular. The cluster is about half a degree 
in diameter, or the apparent size of the full moon. A photo- 
graph by Dr. Roberts, taken in February, 1894, shows it to be 
a rich cluster with stars down to the seventeenth magnitude in a 
region ' densely crowded with stars.' 

Messier 44 : 8 h. 34*3 m., N. 20° 2i\ This is the Preesepe 
of the old astronomers in the constellation Cancer. A scattered 
cluster to the naked eye : 36 stars were counted in it by Galileo, 
but, of course, there are many more. 

k Cmcis : 12 h. 47-9 m.> S. 59 50'. A reddish star of the 
sixth magnitude near fl Crucis (one of the bright stars in the 
Southern Cross), accompanied by a fine cluster of small stars. 
It is described by Sir John Herschel as *a most vivid and 
beautiful cluster of 50 to too stars. Among the larger there are 
one or two evidently greenish ; south of the red star is one 
of thirteenth magnitude, also red, and near it one of twelfth 
magnitude, bluish ... no nebula is perceptible in any part of 
the extent of this cluster, which, though neither a large nor 
a rich one, is yet an extremely brilliant and beautiful object 
when viewed through an instrument of sufficient aperture to 
show distinctly the very different colours of its constituent stars, 
which gives it the effect of a superb piece of fancy jewellery.* 

Messier 24 : 18 h. 126 m., S.18 -rj\ About 2 north of 
p. Sagittarii. Sir John Herschel described it as pretty large and 
very rich, with stars of eleventh to twentieth magnitude. 1 Lord 
Rosse saw some unresolved nebulous light, but a photograph 
by Dr. Roberts shows the stars free from nebulosity. On this 



1 Sir John Herschel's ' twentieth magnitude' stars are really 
much brighter. Probably not fainter than fifteenth magnitude. 
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photograph the streams of stars surrounding the centre seem 
to be arranged in spirals, and suggest the idea that the cluster 
has been evolved from a spiral nebula. 

Messier it: r8 h. 457 m., S. 6° 23'. Just visible to the naked 
eye in the so-called ' Shield of Sobieski,' which forms the 
southern portion of Aquila. It was discovered by Kirch in 1681. 
Sir William Herschel saw it divided into five or six groups of 
stars of about the eleventh magnitude. Admiral Smyth com- 
pared it to k a flight of wild ducks,' and says it is ' a gathering 
of minute stars, with a prominent eighth magnitude in the 
middle, and two following.' A photograph taken by Dr. Roberts 
agrees well with the descriptions, and shows that the cluster is 
free from nebulosity. 

Messier 71 : 19 h. 49*3 m., N. t8° 31'* Between 7 and 6 
Sagittre. Sir John Herschel describes it as a very rich cluster, 
with stars of eleventh to sixteenth magnitude. A photograph 
by Dr. Roberts shows a cluster in which the curves and arrange- 
ment of stars closely resemble those in a spiral nebula. 'The 
surrounding region is densely crowded with stars down to the 
seventeenth magnitude, arranged in remarkable curves and 
lines, which are very suggestive of having been produced by 
the effects of spiral movements-' 

Under the head of irregular clusters, we may mention the 
Magellanic clouds, which are two spots of Milky Way light 
visible to the naked eye in the Southern Hemisphere. These 
spots, also known as the nubecula major and nubecula minor % are 
roughly of a circular form. The larger 'cloud' covers over 
forty-two square degrees, and when examined with a telescope 
is found to consist of upwards of 600 stars of the sixth to the 
tenth magnitude, with numerous fainter ones, and nearly 300 
clusters and nebuke. The smaller Magellanic cloud, or nubecula 
minor % is fainter to the eye, and not so rich in the telescope. It 
covers about ten square degrees, and it is described by Sir John 
Herschel 1 as 'a fine, rich, large cluster of very small stars of 
twelfth to eighteenth magnitude, which fills more than many 
fields, and is broken into many knots, groups, and straggling 
branches, but the whole (i.e., the whole of the clustering part) 
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is clearly resolved.' It is surrounded by a barren region, 
remarkably devo. of stars. Sir J. Herschel says : ' The access 
to the nubecula in. nor on all sides is through a desert.' ' It is 
preceded at a few minutes in R.A. by the magnificent globular 
cluster 47 Toucani (Bode)' — already described — 'but it is cotn- 
pletely cut off from all connection with it ; and with this excep- 
tion its situation is in one of the most barren regions in the 
heavens.' 

Irregular Nebula:-— Under this head may be classed 
those nebulae which have no definite shape, but are 
cloudlike in appearance when examined with the tele- 
scope. They are shown by the spectroscope to consist 
of nothing but glowing gas, the chief constituents being 
hydrogen and an unknown substance now called " nebu- 
lum. 1 The most remarkable of these visible in northern 
latitudes is that known as the Great Nebula in Orion, 
which surrounds the star Ononis in * the sword.' It 
is visible in any small telescope, or even with a binocular 
field-glass. There are many telescopic objects of a 
similar character. 

The following are some interesting examples of irregular 
nebulas : 

Messier 1 : 5 h. 285 m., N. 21 57'. Known as the Crab 
Nebula. About i° north-west of f Tauri. It was first seen by 
Bevis in 1 731, and again by Messier in 1758, while observing 
the comet of that year. Its rediscovery induced him to form 
his catalogue of nebula, to help observers in distinguishing 
these objects from comets. Lord Rosse's great telescope is 
said to have partially resolved it into stars, but photographs 
taken by Dr. Roberts show a very nebulous appearance, and 
with but little of the ' crablike' appearance depicted in Lord 
Rosse's drawing. Dr. Roberts speaks of 'some starlike con- 
densations involved in the nebulosity.' 

Messier 42 : 5 h. 30*4 m., S. 5° 27'. This is the Great 
Nebula in Orion referred to above. It surrounds the multiple 
star 6 Orients. It seems to have been discovered by Cysat in 
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1618, and a drawing of it was published by Huygens in 1659. 
Galileo does not mention it, although he paid especial attention 
to Orion. It is visible in an opera-glass as a spot of milky light, 
and its general outline may be seen with a good three-inch 
telescope. Near the centre are four stars close together, which 
form ' the trapezium ' of telescopists already referred to under 
the head of Multiple Stars. Numerous small stars are scattered 
over the surface of this great nebula, which was at one time 
considered by Lord Rosse to show symptoms of being resolvable 
into small stars when seen with his large telescope. The 
spectroscope, however, shows it to be glowing gas, consisting 
of hydrogen and some unknown substance. From his spectro- 
scopic observations of this nebula, Sir W. Huggins thinks that 
the ' stars of the trapezium are not merely optically connected 
with the nebula, but are physically bound up with it, and are 
very probably condensed out of the gaseous matter of the 
nebula ■' There appear to be no grounds for considering this 
nebula to be an external galaxy. The nebula has been fre- 
quently drawn, and it has been successfully photographed by 
Common, Roberts, and others. 

30 Doradus : 5 h. 39 m., S. 69 io\ Situated in the larger 
Magellanic cloud. Sir John Herschel describes it as 'one of 
the most singular and extraordinary objects which the heavens 
present.' It is sometimes, called the 'looped nebula/ from the 
curious convolutions formed by its nebulous rays and streams. 
Near its centre is a pear-shaped opening, like the ' keyhole ' 
vacuity in the Great Nebula in Argo. 

N.G.C. 2237-39 : 6 h. 27 m., N. 5° o'. Near 12 Monocerotis. 
A large extent of nebulosity, measuring about 77' by 67', which 
is described by Dr. Roberts from a photograph as 'a cloudy 
mass broken up into wisps, streams, and curdling masses densely 
dotted over with stars, which also extend widely over the 
regions surrounding. There are many dark areas with few, if 
any, stars in them. . . . Some remarkable black tortuous 
meander through the nebulosity in the north preceding half of 
the nebula.' 

The Great Nebula in Argo: 10 h. 4.1 - 2 m., S. 59° 9'5'. 1 A 

1 The position is that of the variable star i\ Argus, which is 
involved in the nebula. 
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magnificent nebula, which covers a space in the heavens about 
five times as large as the full moon. It has a curious 'keyhole '- 
shaped vacuity near the centre, and the wonderful variable star 
i) Argus (already described) is apparently situated in the densest 
part of the nebulosity, The nebula shows no signs of being 
resolvable into stars, and, like the Great Nebula in Orion, the 
spectroscope shows it to consist of glowing gas, 

Messier 20: 17 h. 56*3 m., S. 23 2'. The Trifid Nebula;. 
It lies closely north of the star 4 Sagittarii. A very curious 
object, with three dark lanes radiating from the centre. It has 
been well drawn by Sir John Herschel and Trouvelot, and it 
has been photographed by Dr. Roberts 1 and at the Lick 
Observatory. Dr. Roberts' photograph shows the dark rifts 
very distinctly, and these rifts are free from stars. Although it 
has a very nebulous appearance, the spectrum seems to be not 
gaseous. A triple star seen by Sir John Herschel in the middle 
of one of the dark lanes is now in the edge of the nebula itself. 
It seems, therefore, that the nebula has moved since Herschel's 
time- 
Messier 8 : 17 b. 57*6 m., S. 24 22'. A very fine object in 
the Milky Way, in Sagittarius; a little south of the Trifid 
Nebula. Visible to the naked eye. A beautiful dtawing of it, 
showing nebulous streaks and loops, is given by Sir John 
Herschel in his Cape Observations, and he calls it "a superb 
nebula.' There are many stars in the field. Tempel, in 1877, 
found marked changes in the nebula compared with the stars, 
which are nearly in the same relative positions as when observed 
by Herschel. A photograph taken by Dr. Roberts in July f 
1899, shows that there are ' many stars of between the eighth 
and seventeenth magnitude either involved or seen in projection 
upon the nebula, and on the following side they resemble a 
cluster of bright stars,' but he does 'not think they are physi- 
cally connected with it ; they are probably between the earth 
and the nebula.' The present writer found it plainly visible to 
the naked eye in the Punjab sky, and a glorious object even 
with a three-inch refractor. It is followed by a fine cluster 
which lies between two eighth magnitude stars. Secchi found 
the spectrum that of a gaseous nebula. 
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nebula, the larger with a nucleus and a ring round it. Admira 
Smyth thought it resembled ' a ghost of Saturn with its ring in 
a vertical position.' Its spiral character was discovered by Lord 
Rosse, and his drawing agrees well in general outline with 
photographs taken by Dr. Roberts and Dr. W. E. Wilson. 
Dr. Roberts finds ' both nuclei of the nebula to be stellar, 
surrounded by dense nebulosity, and the convolutions of the 
spiral in this, as in other spiral nebula?, are broken up into star 
like condensations with nebulosity around them. 1 Sir William 
Huggins finds that the spectrum is not gaseous. This seems to 
be the case in all the spiral nebulas, and shows that they are in 
a more advanced stage of evolution than the Great Nebula' in 
Orion and Argo. 

Messier 101 : 13 h. 59*6 m., N. 54° 50'. About 5 east of 
{" Ursa? Majoris. Sir John Herschel described it as pretty 
bright, very large, -and irregula'rly round. Lord Rosse found 
it to be spiral, 14' in 'diameter-, and his drawing agrees fairly 
well with a phonograph taken by, Dr.. Roberts, which shows *a 
well-defined stellar nucleus, with tire, ii^ual convolutions and 
starlike condensations,' 

Planetary ■ Nebulae* — These are a Yemarkable and 
interesting, class of nebulas. They were so named by 
Sir William Herschel from then resemblance to plan 
etary discs. This supposed resemblance applies only to 
their general'uniformity of brightness and to the absence 
of any definite nucleus or •brighter portion — at least, 
when seen with--* telescopes . cif moderate power. Their 
intrinsic brilliancy is, of course, far inferior to that of the 
planets, being usually faint objects, and only to be seen 
well with telescopes of considerable power. About three- 
fourths of the known planetary nebula; are situated in 
the Southern Hemisphere, but there are some interest- 
ing examples north of the Equator. A bluish colour 
seems to be a characteristic of these planetary nebula?. 

The following are some of the most interesting examples of 
this class : 
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h 3163: 9 h. 187 m., S. 57 53', Between g and h Carina;, 
ir John Herschel says : l Beautifully round and sharp ; just 
Ice a small planet 3' or 4' in diameter, , . , The finest plan- 
ttary nebula I ever remember to have seen for sharpness of 
ermination. 1 
H IV. 27: io h. 20 m., S. 1 8° 8'. About 2 south of the 
ft Hydra?. Described by Admiral Smyth as resembling 
upiter in 'size, equable light, and colour. 1 Sir John Herschel 
ks of its colour as * a decided, at all events a good, sky 
ue.' Huggins finds a gaseous spectrum. As a star it was 
easured 7*94 magnitude at Harvard. 

Messier 97: [I h. 9 m,, N. 55 34'. About 3° south-east 
f p Ursa: Majoris. It was described by Sir John Herschel as 
remarkable planetary nebula, very large and round, about 
6c/' of arc in diameter. Lord Rosse compared it to the face of 
owl, on account of two holes in the centre, and it has since 
►een known as the 'Owl Nebula.' A photograph by Dr. Roberts 
hows it of an elliptical shape, about 203" in diameter, with 
fifteenth magnitude star in the centre, but no other star 
the nebula. He says : 'The star seen by both Lord Rosse 
d Dr< Robinson has disappeared.' Sir William Huggins finds 
e spectrum gaseous. 

h 3365 : 11 h. 45"3'» S. 56 37'. Between v Centauri and 
Crucis — nearer the latter. Sir John Herschel says : ' Perfectly 
round, very planetary ; colour fine blue ; a very little ill-defined 
at the edges; has no "satellite stars" ; very like Uranus, only 
about half as large again and blue, . , . It is of a most decided 
independent blue colour when in the field by itself, and with 
no lamp-light and no bright star. About 10' north of it is an 
orange-coloured star, eighth magnitude. When this is brought 
into view the blue colour of the nebula becomes intense , . , 
colour a beautiful rich blue, between Prussian blue and ver- 
ditter green. . . ■ Total light of nebula equal to a star of sixth 
or sixth and a half magnitude.' 

Strove 5 N : 16 h. 403 m., N. 23 59'. Between p Herculis 
and 51 Herculis— nearer the latter star. D'Arrest estimated it 
at eighth magnitude. Webb calls it ' very bright, not sharply 
defined, like a star out of focus,' Lord Rosse saw it of an 
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intense blue colour. Secchi thought it resolvable into 
but Huggins finds a gaseous spectrum. 

H IV. 37 r 17 h. 586 m., N. 66° 38'. Near the pole 
Ecliptic and between w and 36 Draconis. Webb saw it 
very luminous disc, much like a considerable star out of 
Smyth describes it as 'a remarkably bright and pale 
object. 1 It may be well seen with a telescope of four i 
aperture. Examined with the great Lick telescope, H 
found it an object of extraordinary structure. He says 
apparently composed of rings overlying each other, anc 
difficult to resist the conviction that these are arrang 
space in the form of a true helix.' Huggins found the spe 
gaseous. 

N.G.C. 6572 : 18 h. 72 m., N. 6° 48'. About 2° south < 
star 71 Ophiuchi. A small but very bright planetary m 
which Strove thought ' one of the most curious objects i 
heavens.' It has a gaseous spectrum. 

Messier 27 : 19 h. 55*3 m., N. 12° 37'- 'The Dumb 
Nebula. A little south of the star 14 Vulpecuke, It 
perhaps be included in this class, although its form i 
exactly that of a planetary disc. It has been drawn by Sir 
Herschel, D'Arrest, Lord Rosse, and Lassell. At one 
Lord Rosse thought it might be resolvable into stars 
Huggins found a gaseous spectrum. Photographs b} 
Roberts and Dr. Wilson show that it is really a globular 
surrounded by a broad and darker ring, which cuts off so: 
the light and gives it the dumb-bell appearance. 

H IV. 1 : 20 h. 587 m., S. ii° 46'. Discovered by Sir 
Ham Herschel in 1782. About i£° west of the star » Aq 
One of the finest specimens of the class. Viewed in a 
telescope, a projection on each side gives it an appea; 
somewhat like Saturn, with the rings seen edgeways. The 
Lick telescope shows it to be a wonderful object : ' a a 
ring lies upon an oval of much fainter nebulosity.' H olden 
the colour is a pale blue, and he compared the appearan 
the central ring 'to that of a footprint left in the wet 
sea-beach/ Huggins finds a gaseous spectrum. 

Annular Nefculx. — There are nebulae which 
apparently at least, shaped like a ring. They 
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rare type, only a few objects of the kind being known in 
the whole heavens. They seem to be all gaseous. 

The following are some interesting specimens of this class : 

H IV. 39: 7 h. 37-3 m., S. 14 30-4'. It lies in the cluster 
Messier 46 (already described among the irregular clusters). It 
was described by Sir John Herschei as ' a planetary nebula,' but 
otograph by Dr. Roberts, taken in February, 1894, shows it 
'to be annular in form, strongly resembling M 57 Lyra?. 1 

h 36S0 : 17 h. 15*4 m., S. 38 23'. A little south-west of 
» Scorpii. Sir John Herschei describes it as 'a delicate, 
extremely faint, but perfectly well-defined annulus, . . . The 
field crowded with stars, two of which are on the nebula. A 
beautiful delicate ring of a faint, ghost-like appearance, about 
40"' diameter in a field of about 150 stars, eleventh and twelfth 
magnitude and under.' ' 

Messier 57 : iS h. 49*9 m., N. 32 54'. Between /J and y 
Lyra. It is of a somewhat oval form, and the central portion 
is not quite dark, but filled in with faint nebulous light. It 
may be seen in comparatively small telescopes. Lord Rosse, 
Chacornac, and Secchi thought it resolvable into stars, but 
Hu 8 «^ins finds a gaseous spectrum. There is a very faint star 
in the centre. 

Nebulous Stars. — These are stars surrounded by a 
nebulous haze or atmosphere. This nebulous envelope 
must be of enormous size to be visible at the great dis- 
tance of the stars from the earth. 

Nebulous stars are rare objects. The following are some of 
he most remarkable : 

Orionis : 5 h. 30*5 m., S. 5 59'. A triple star surrounded by 
nebulous haze. 

e Orionis : 5 h. 31*1 m., S. i a t6'. The middle star in Orion's 
belt,' involved in an immense nebulous atmosphere. 
H IV. 45 : 7 h. 233 m., N. 21° 7'. Near 61 and 63 Gemin- 
m. Sir John Herschei described it as an eighth magnitude 



1 Cape Observations, p. 114. 
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star ' exactly in the centre of an exactly round bright atmosphere 
25" in diameter." Lord Rosse saw it as a star surrounded by a 
dark and then by a luminous ring. Burnham, who classes it as 
a planetary nebula, describes it as ' one of the most beautiful 
objects of the kind in the heavens.' The spectroscope showsit 
to be gaseous. 

h 3121 : 8 h. 3f8 m., S. 40 19'. Sir John Herschel described 
it as an eighth or ninth magnitude star ' involved in a pretty 
bright, round nebula ... a decided and perfectly unequivocal 
nebula. . . . Diameter 3'.' 

h 3548 : 13 h. 517 m., S. 39° 30'. About 2° north of Cen 
tauri. Sir John Herschel describes it as ' a close double star, 
involved in a very large, bright, luminous atmosphere, 2' dia- 
meter. ... It is no illusion ; other stars are sharp and brilliant, 
and have not the least nebulous appearance.' 

Some of the long-period variable stars seem to be surrounded 
by nebulous envelopes. This has been seen by Grover in the 
case of R, S, and T Cassiopeia?, R Cygni, S Herculis, S Corona, 
S Cephei, and T Draconis, when the variable is at or near its 
minimum light. At maximum the light of the star is generally 
sufficient to obliterate the nebulosity. 

Star clusters are chiefly found in the Milky Way. The 
gaseous nebulas crowd towards the poles of the Galaxy, There 
are, however, some exceptions to this rule. 




The Milky Way. — The nebulous- looking band or zone 
of faint light known as the Milky Way, or Galaxy, is 
probably familiar to the most casual observer, and on a 
clear, moonless mghtjiorms a conspicuous object in the 
nocturnal heavens. It has attracted the attention of 
astronomers and philosophers from the earliest ages of 
antiquity, and various hypotheses have been advanced to 
account for its appearance. Plutarch saw in it, or pre- 
tended to see, the marks of Phaeton's accident, Anax- 
agoras, strange to say, thought it was the shadow of the 
earth I but why a shadow should be luminous he does 
not explain. Aristotle thought it was due to atmospheric 
vapours (!) — another wild hypothesis. Other equally 
absurd ideas were entertained by the ancients, but the 
true theory, namely, that its light is due to myriads of 
small stars — too faint to be individually visible to the 
naked eye — was, however, advanced by Democritus, 
Manilius, and Pythagoras, and the invention of the tele- 
scope fully confirmed the truth of this hypothesis. 
A little attention will show that the Milky Way very 
[ «°3 ] 
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nearly follows the course of a ' great circle ' of the star 
sphere, a fact which implies that the sun and solar 
system lie in or close to the general plane of the Galaxy. 
The mean centre line of the luminous band is inclined to 
the Equator at an angle of about 65 , and intersects that 
circle at about 7 hours and 19 hours of right ascension. 
The position of the North Pole of the Milky Way has 
been given as follows : 





R.A. North Dtdinolio*, 


Sir John Hersehel... 


12 h. 47 m. 27 


Heis... 


12 h. 41-2 m. 27 a ^1880) 


Hoazean 


1: h. 49 m. 27i° 


Gould 


12 h. 41 m. 20 s. 27* 21' (1875) 



These results are in close agreement, and place the 
pole in the constellation Coma Berenices, a little south 
of the star Flamsteed 31. The south pole is in R.A- 
o h, 47 m., S. 27 . 

Various representations of the Milky Way are given 
in star atlases, such as Proctor's and others, but these 
merely afford a general idea of its appearance, and show 
no details of the brightness or faintness of its various 
parts — features which are very obvious when carefully 
observed. A mere casual glance might lead an observer 
to suppose that the Galaxy stretched as a band of nearly 
uniform brightness across the heavens. But good eye- 
sight, careful attention, and a clear sky will soon disclose 
numerous details previously unsuspected — streams and 
rays of different brightness, intersected by rifts of dark- 
ness and interspersed with spots and channels of com- 
paratively starless spaces. 

An attempt was made by Heis and Houzeau in their 
maps to delineate this varying brightness, but their draw- 
ings — especially that of Houzeau — are deficient ; - 
and merely show the principal features. Gc 
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: was pointed out by the late Mr. Proctor several years suvr 
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imposing the Galaxy- This conclusion has, I believe, befiO 
fcibted or denied by some astronomers. Ii has, however, I 
foundation in fact, ant -eality 1 examined 

ago the position of all the stars in both hemispheres 
the fourth magnitude, as given in the Harvard and 
photometries and in Gould s ' L'ranometria Argentina.' 
most correct general representation of the Milky 
in Northern latitudes, hitherto published is probably that 
in Heis's Atlas. An examinn - drawing vi I] show 

at most of the dark spaces, or ' coal-sacks,' shown in 1 
las and other star maps are, according to Heis, filled in w ith 
at nebulous light, and are merely dark in comparison wfth 
s surrounding liiminosity. This is especially the caw w 

the openings in Cygnns, which form * remarkable 
most star maps, bin which Hea shows to be really 
th nebulous ! . 
Ilowed Heis's delineation of the Milky Way for the portion 
heavens down to about 35" »offlli declination, and for the 
pons further south that given by Sir John Her* Iirl in the 
pt Observations. 1 find that the Mbwiq bright 
! Milky Way, or on faint nebulous %hl con. 
"lose brighter than second magnitude, Vega. 
, a Ononis, Procyon, a Cygni, a Per*ci, Siriu 
liaun, a and p Cructs—or a total of 1 
?se bnghter than third magnitude, we hi 

-■wopeiac ; 7. 3, and . Cygni ; a Cephri ; y Aq U 
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H Velorum ; a- Puppis ; tj Canis Majoris ; a Arae ; and a Musce — 
or a total of 33 stars out of 99. Of those between third and 
fourth magnitude, I find 73 stars on the Milky Way out of 262, 
or a grand total of 1 18 stars out of 392 stars above the fourth 
magnitude, or 30* r per cent. Considering the stars north and 
south of the Equator, there are 164 stars above fourth magni- 
tude in the Northern Hemisphere, of which 52 are on the Milky 
Way, or a percentage of 31*7, In the Southern Hemisphere 
there are 228 stars, of which 66 are on the Milky Way, or a 
percentage of 28"9. As the area of the heavens covered by the 
Milky Way does not probably exceed one-seventh of the whole 
sphere (Proctor assumed one-tenth), the percentage should be 
only 14'3, so that the number of bright stars is considerably 
more than that due to its area. As it may be objected, how- 
ever, that the number of stars brighter than the fourth magni- 
tude is too small to base any conclusion upon, I made an 
enumeration of all the stars in Heis's Atlas that lie on the 
Milky Way, and found the number to be 1,186. Now, the total 
number of objects shown by Heis (excluding variable stars, 
clusters, and nebute) is from his catalogue 5,356, so that for 
all the stars visible to the naked eye in this country (down to 
63 magnitude) the percentage of stars on the Milky Way is 
22*1, or about one and a half times that due to its area. 

A similar count was made by Colonel Markwick, F.R.A.S., 
of the stars in Gould's charts of the Southern Hemisphere 
( c Uranometria Argentina'), and he finds that, out of 228 stars 
brighter than the fourth magnitude, there are 121 on the Milky 
Way, or a percentage of 53 ; and for the total! number shown 
down to the seventh magnitude inclusive there are 3,072 on 
the Milky Way, out of 6,694, or a percentage of 45 '8, From a 
careful calculation of the area of the Milky Way as shown in 
these charts, Colonel Markwick finds that it covers an area 
equal to one-third of the whole hemisphere, or 33*3 per cent. 
From these figures it will be seen that there is a marked 
tendency in the Southern bright stars also to aggregation on 
the Milky Way. 

The apparent connection of some of the naked-eye stars with 
the brighter portions of the Milky Way is in some cases re- 
markable. The stars o, /3, y, y, and * Cassiopeia? mark a very 
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luminous spot of milky light. The stars 1, k, and X Andromeda? 
mark another. 6, t, and f Cephei lie near the edge of a ' coal- 
sack,' or dark space, in the midst of a luminous region. The 
stars e, £, f, and Persei mark an offshoot from the Galaxy in 
the direction of the Pleiades. The remarkably bright oblong 
spot in Cygnus includes the stars p, y, 17, #, the variable 
x Cygni, and other smaller stars. The stars forming Sagitta 
are situated in a bright portion of the Milky Way, and those 
forming the Dolphin's Rhomb in a fainter offshoot. The stars 
67, 68, and 70 Ophiuchi lie at the extremity of a luminous spot 
on the broken branch in Ophiuchus. The stars \ 6, 9, and 
12 Aquike are ranged along the northern border of a bright 
spot in Sobieski's Shield ; and other interesting cases might 
be pointed out 

Many attempts have been made to form a satisfactory theory 
of the construction of the Milky Way, but these efforts have 
been hitherto attended with but little success. This is not 
surprising > as the problem is one of great difficulty. The 
'cloven disc' theory of Sir William Herschel, which figured for 
so many years in popular books on astronomy, although it was 
practically abandoned by that eminent astronomer in his later 
writings, has been well shown by Proctor to be utterly unten- 
able, and it has now been rejected by nearly all astronomers. 
The real shape of the Galaxy is much more probably that of a 
ring (roughly speaking) than a disc. Proctor, however, inclined 
to the opinion that it is probably somewhat of a spiral form, and 
a figure of this supposed spiral is given by him in his ' Essays 
on Astronomy' (p. 331). In an interesting paper on the subject 
by Mr. J. R. Sutton in the Illustrated Science Monthly, some 
years since, he argues, and, 1 think, with considerable force, 
that Proctor's spiral does not account very satisfactorily for the 
observed features of the Milky Way, and he contends that its 
real form is what it seems to be, namely, that of a ring, roughly 
speaking, and actually Cut across its width at the well-known 
gap in Argo. The aspect of the 'coal-sack' near the Southern 
Cross certainly suggests that it is a real opening through the 
Milky Way, and not merely due to a loop in the stream, as 
shown in Proctor's spiral The 'coal-sacks 1 and dark spaces 
near the neck of the Swan are, as I have shown above, more 
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apparent than real, and are, I think, probably due more to a 
sparseness of star distribution than to any real bifurcation of 
the Galactic stream in that vicinity. The separation of the two 
streams commences, according to Heis, near the star f AquiUe, 
and, according to Sir J. Herschel's drawing, the streams unite 
again in Scorpio. Heis's delineation shows that the continuity 
of the western branch in Ophiuchus is interrupted for a width 
of only 6° north of ft Ophiuchi. The portions of this branch 
extending from Aquiia to 70 Ophiuchi are tolerably bright, and 
do not agree well with the supposed great increase in distance 
at this point indicated by Proctor's spiral. Even in the middle 
of the gap in Ophiuchus, Heis shows a somewhat bright spot 
between ft and - Ophiuchi. 

Gould considered the phenomenon of the Milky Way as 
probably ' the resultant of two or more superposed Galaxies,' 
and certainly the complicated structure and gradations of 
brightness shown in Heis's drawing, especially in Cepheus and 
Cygnus, seem to favour this hypothesis. It is possible, how- 
ever, that the brighter portions may be due to a real clustering 
of the smaller stars, which have perhaps been swayed into 
their present position by the attractive influence of the larger 
stars. This view of its structure would account for the occur- 
rence of dark spaces close to luminous portions, which form so 
remarkable a feature in Cepheus, Cygnus, Perseus, Scorpiu, 
and near the Southern Cross. Photography will probably throw 
some light on this point. 

The observed excess of bright stars on the portion of the 
heavens covered by the Milky Way might be explained by 
supposing the Galactic ring to be placed at a much greater 
distance from the earth than the general star sphere. If we 
suppose the component stars of the larger or more extended 
group to be scattered over the heavens with some general 
approach to uniformity, and that the Milky Way contains its 
own proportion of bright stars, but wholly separated from the 
others by a starless interval, then, when the two systems are 
seen in the same direction, an increase in the number of the 
brighter stars would necessarily follow. On this hypothesis, it 
might be expected that some of the brighter stars would show 
a measurable parallax, while in others the parallax would be 
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insensible This we find tu be actually the case. On this view 
of the matter, we should conclude that stars like n Centauri, 
61 Cygni, Sirius, and Altair, which have a measurable parallax 
and a considerable ' proper motion,' are not connected with the 
same group as those stars which have no measurable parallax 
and very small proper motions, like a Cygni and <* Orionis. 
There might, of course, be exceptions to this general rule, some 
stars having a perceptible proper motion, but with no measurable 
parallax. 

Celoria advanced the theory that the Milky Way consists of 
two galactic rings inclined to each other at an angle of 19 or 
20°, and that one of these consists chiefly of bright stars, and 
the other of the fainter stars. These faint or distant stars would 
be — according to Celoria — included in a great circle passing 
through Sagitta, Auriga, Monoceros, and Scutum. The other 
ring would include the branch of the Milky Way in Ophiuchus, 
and those in Orion, the Hyades, Pleiades, and the so-called belt 
of bright stars described by Sir John Herschel and Gould. 
Ristenpart also thinks that the Milky Way lies in two planes, 
which are slightly inclined to each other. 

Easton, in 'A New Theory of the Milky Way," calls attention 
to the fact — which seems to be usually 'given less importance 
than it merits 3 — that the Milky Way near Aquila is much 
brighter than it is in Monoceros. This would imply that the 
stars which produce the light of the Galaxy are more numerous 
near the eighteenth hour of right ascension than they are near 
the sixth hour. Sir William Herschel's 'gauges' gave a mean 
of about 161 stars in the field of view of his large telescope in 
Aquila, and 82 stars in Monoceros, Celoria also found that 
stars to about the eleventh magnitude are much more numerous 
in Aquila than in the opposite region of the sky near Monoceros. 
Houzeau 5 s observations of bright spots in the Milky Way are 
found by Easton to confirm this view. Gould found ' the 
brightest portion of the Milky Way to be unquestionably in 
Sagittarius] and my own observations in India confirm this 
conclusion. Easton finds that, l for the fainter stars taken as a 
•whole, the Milky Way is widest in its brightest part} (The 
italics are Easton's.) 
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Easton thinks that the Milky Way between a. and /9 Cygni is 
'much nearer to us than the average/ 'The region between 
68 (A) and p Cygni is richer in stars than any other zone in 
Argelander's " Durchmusterung. iJ ' Sir W. Herschel found one 
of his maxima of 'gauges' here — 588 stars in the field of his 
telescope. Easton thinks that the 'central accumulation of the 
Milky Way' probably lies in this direction, and advances the 
theory that its general form may be that of a vast spiral nebula, 
the so-called * solar cluster ' being ' the expression of the central 
condensation of the Galactic system itself, composed for the 
most part of suns comparable with our own (and which must 
thus embrace most of the bright stars to the ninth or tenth 
magnitude).' 

The Stellar Universe. — The late Mr. Proctor was of 
opinion that all the visible stars, and 'all the nebulas 
hitherto discovered, whether gaseous or stellar, irregular, 
planetary, ring-formed, or elliptic, exist within the limits 
of the sidereal system.' This is probably true. If 
* external universes ' exist, they are not visible in our 
telescopes. There seems to be no escape from the 
conclusion that our sun and solar system form members 
of a limited universe. For were the stars scattered 
through infinite space with any approach to uniformity, 
it may be shown that the whole heavens would shine 
with the brightness of the sun. As the surface of a sphere 
varies as the square of the radius, and light inversely 
as the square of the distance (or radius of the star-sphere 
at any point), we have the diminished light of the stars 
exactly counterbalanced by their increased number at any 
distance. For a distance of, say, ten times the distance 
of the nearest star (or, rather, star-sphere) the light of 
each star would be diminished one hundred times (tea 
multiplied by ten) ; but the total number of stars at this 
distance would be one hundred times greater, so that the 
total starlight would be the same. This would be true 
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components. Many of the fainter stars, however, probably 
lie far behind the Pleiades, and do not form members of 
the group visible to the naked eye. 

It was long since suggested that the light of very 
distant stars may possibly be absorbed by the ether of 
space ; but as this view of the matter now seems improb- 
able, we must have recourse to some other hypothesis to 
explain the very limited number of the visible stars. 

In my 'Planetary and Stellar Studies' (1888) I have 
suggested a possible thinning out of the ether beyond the 
bounds of our visible universe, which would evidently 
have the effect of cutting off for ever the light of external 
galaxies. In the absence, however, of evidence in favour 
of this hypothesis, it will perhaps be safer to assume 
that, if these external universes exist, they are probably 
invisible to us owing to immensity of distance, the spaces 
separating each galaxy from its neighbours being supposed 
to be very great compared with the dimensions of each 
universe. We know that the Solar System, of which our 
earth forms a member, is surrounded on all sides by a 
starless sphere, the diameter of which is very great 
compared with the diameter of the planetary system. 
Assuming the distance of the nearest fixed star — a Cen- 
tauri — at twenty-five billions of miles (corresponding to 
a parallax of o'j$"), we have the diameter of this void 
sphere fifty billions of miles. If we call the Solar System 
a system of the first order, we may consider all the visible 
stars, clusters, and nebulae, including the Milky Way, as 
forming a system of the second order ; and as we may 
consider the members composing this system as finite in 
number (as shown above), we may also consider the 
number of systems of the second order as finite also. 
We may further consider all the systems of the second 
order as together forming a system of the third order, 
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and so on to the fourth and higher orders. But we need 
not go further than the third order, for if, as I have 
shown elsewhere, light would probably take millions of 
years to reach us from an external universe of the second 
order, surely the altogether inconceivable distance of 
systems of the third order would sufficiently account for 
their light not having yet reached us, although travelling 
towards our earth for possibly billions of years ! 

The Nebular Hypothesis.— The famous Nebular 
Hypothesis of Laplace was advanced to explain the 
formation of the solar system by the rotation and con- 
densation of a gaseous nebula. The discovery of the 
' spiral nebulae * in recent years seems to justify us in 
extending the hypothesis to the formation of star clusters 
and stellar systems. In these wonderful objects we 
seem to see before our eyes the slow formation of suns 
and systems. Instead, however, of supposing, as La- 
place did, the formation of bodies from ' rings ' detached 
from a rotating nebulous mass of spherical or ellipsoidal 
shape, we now see that the nebulous mass first assumes 
a flattened, disc-like form, and then masses, not rings, are 
detached from the parent mass, to be afterwards con- 
solidated into stars or suns. If this be the mode of 
formation of stellar systems, it seems highly probable 
that the Solar System was formed in a similar manner. 

With reference to ' stellar evolution,' Professor 
Pickering thinks that stars showing the * Orion type " 
of spectrum are probably ' in an early stage of develop- 
ment,' and that stars with spectra of the fifth type may 
possibly ' form a connecting link between the Orion stars 
and those of the nebulas.' After the Orion stars come 
the stars of Type I. (the Sirian), then those of Type II. 
(which includes our own sun), and lastly Type III., which 
is the oldest, and probably belongs to stars which are 
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approaching the total extinction of their light. In this 
view of the 'evolutional order' Sir William Huggins 
concurs. He is disposed to think that the hottest stars 
must be looked for among those of the Solar type, The 
1 evolutional order ' now adopted by Huggins seems to 
be (omitting the so-called Wolf-Rayet stars), Bellatrix, 
Rigel, a Cygni, Regulus, Vega, Sirius, Castor (fainter 
component), Altair, Procyon, y Cygni, Capella (hottest 
star), Arcturus, and Betelgeuse, the youngest being 
Bellatrix, and the oldest Betelgeuse. 

That stars of the Sirian type are less dense than those 
in the Solar stage has been recently proved by calcula- 
tions by Dr. Roberts (of South Africa) and Professor 
Russell of the densities of the Algol type variables, which 
show spectra of the Sirian type. The investigation shows 
that the average density of these stars is less than that 
of water, and that they are therefore in an earlier stage 
of condensation. 

Dr. See accounts for the origin of binary stars by sup- 
posing a rotating nebulous mass to assume the dumb- 
bell form by the force of the rotation. Eventually it 
would separate into two bodies which would then form a 
1 spectroscopic binary '; and afterwards the two bodies 
would, by the effect of tidal action, move further apart, 
still revolving round their common centre of gravity in 
elliptic orbits of large eccentricity, thus forming the 
binary stars visible in the telescope. Numerous double 
nebulas, or nebulas with two nuclei, are visible in the 
heavens. These probably form the first stage in the 
evolution of binary stars. 
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Note A. 


Tub following is a list of the constellations now in use, with the 


English equivalents and the Arabic and other names of the principal 


Slars : 




Andromeda, the Chained Lady : 


Bootes, the Herdsman : 


a, Alpheratt. 


a, Arcturus. 


j3, Mirach, Mizar. 


fi, Nekkar. 


7, Almach. 


e, Izar, Mizar, Mirac. 


Antlia, the Air-Pump. 


V, Muphrid. 


Apus, the Bird of Paradise. 


M, Alkalarops. 


Aquarius, the Water- Bearer : 


Cslum, the Sculptor's Tools. 


a, Sadalmelik. 


Camelopardalis, the Giraffe. 


p, Sad a bund. 


Cancer, the Crab : 


7, Gjenula. 


f Tegmine. 


b, Skat, 


Canes Venatici, the Hunting Dogs: 


| Aquila, the Eagle: 


a. Cor Caroli. 


a, Altair, 


Canis Major, the Great Dog : 


P, Alshain. 


a, Sirius, Mazzaroth. 


7, Tarazed. 


ft, Mirzam. 


I, the Altar. 


S, Wezen. 


■f Argo, the Ship Argo, divided into : 


t, Adara. 


Carina, the Keel. 


t), Aludra. 


Malus, the Mast. 


f, Phurud. 


1'uppis, the Poop. 


Canis Minor, the Little Dog: 


Vela, the Sails. 


a, Procyon. 


n, Canopus. 


P, Gomeisa. 


«, Ture'is. 


Capricornus, the Goat : 


Aries, the Ram. : 


a. Prima Giedi. 


a, Hamal. 


£4, Secunda Giedi, 


(3, Sheratan. 


5, Deneb Algiedi. 


y, Mesartim. 


Cassiopeia, the Lady in the 


Auriga, the Charioteer : 


Chair: 


a, Capella. 


a, Schedar. 


fi, Men'icalinan. 


p, Chaph. 


7, Nath (now p Tauri), 


Centaurus the Centaur. 


" 


5] 8-2 
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Cepheus, tke King Cephtus : 


7, Albena. 


a, Alderamin. 


S, Wasat. 


ft Alphirk. 


f, Websuta. 


7, Errai. 


f, Mekbuda. 


Cetus, the Whale : 


M. Tejat Post. 


a, Menkar. 


Grus, the Crane. 


ft Diphda. 


Hercules, Hercules: 


7, Kaffaljidhma. 


o, Ras Algethi, 


t, Baten Kaitos. 


ft Comeforos. 


o, Mira. 


k, Marsic. 


Chamxleon, the Chameleon. 


Masym. 


Ciicinus, the Compass. 


Hydra, the Sea-Serpent : 


Columba, the Dove : 


a, Alphardj Cor Ilydr: 


a, Phaet. 


Hydras, the Water-Snake. 


Coma Berenices, Berenice's Hair. 


Indus, the Indian. 


Corona Boreal is, the Northern 


Lacerta, tke Lizard. 


Crown : 


Leo, the Lion : 


a, Alphecca, Alfeta, Gemma 


a, Regulus, Cor Leoni 


Foca. 


ft Denebola. 
7, Algeiba. 

6, Zosma, 


Corona Australia, the Southern 


Crown. 


Corvus, the Crow: 


fi Rassalas. 


o, Alchiba, Algorab. 


Leo Minor, the Little Lion, 


8, Algores. 


Lepus, the Hare .- 


Crater, the Cup : 


o, Arneb. 


a, Alkes. 


p, Nihal. 


Crux, the Southern Cross. 


Libra, the Balance : 


Cygnus, Hie Swan ; 


a, Kiffa Australis, Zu 


a, Deneb, Added. 


Genabi. 


ft Albireo. 


ft Kiffa Borealis, Zul 


ir 1 , Azelfafage. 


Chameli. 


Delphinus, the Dolphin. 


7, Zuben HakrabL 


Dorado, the Sword-Fish. 


Lyra, the Lyre : 


Draco, the Dragon. 


a, Vega. 


o, Thuban, 


ft Sheliak. 


ft Aiwa id. 


7, Sulaphat. 


7, Etanin. 


Mensa, the Toole. 


X, Giaiizar. 


Micro scopium, the Microscu) 


t, Grummiuro, 


Monoceros, the Unicom. 


Equuleus: the Little Horse. 


Musca, the Fly. 
Norma, the Rule, 
Octans, the Octant. 


Eridanus, the River Eridanus : 


a, Achemar. 


ft Cursa. 


Ophiuchus, the Serpent-Beat 


7, Zaurac. 


a r Ras Alhague, Ras A) 


ij, Azha. 


p, Cebalrai. 


o, Beid. 


X, Marfik. 


a,, Keid, Al-Kaid. 


Orion, the Giant Hunter : 


Fornax, the furnace. 


a, Betelgeuse. 


Gemini, the Twins : 


ft Rigel. 


o, Castor. 


7, Bellatrix. 


ft Pollux. | 


8, Mintaka. 
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litam. 


Sextans, the Sextant, 


itak. 


Taurus, the Bull : 


Pt&cock, 


a, Aldebaran. 


he Flying Horse ; 


P, Nath. 


ukab, 


Telescopium, t/ie Telescope. 


heat. 


Toucan, the Toucan. 


genib. 


Triangulum, the Triangle: 


►man. 


a, Mothallath. 


if. 


Triangulum Australis, the South- 


he Rescuer : 


em Triangle, 


rrak. 


Ursa Major, the Great Bear : 


gol. 

he Pkctnix. 


a, Dubhe. 


/3, Mcrak. 


■ Painter's Ease!. 


7, Phecda. 


r Fishes: 


S, M egret. 


titan, Okda. 


e, Aliuih. 


ustralis, the Southern 


f, Mizar. 




■7, Alkaid, Benetnasch. 


malhaut. 


Fl. 80, Alcor, Suha. 


1, the Net. 


Ursa Minor, the Tittle Bear: 


\e Arrow. 


a, Polaris. 


5, the Archer; 


0, Kochab. 


us A11 st talis. 


Virgo, the Virgin ; 


the Scorpion : 


o, Spica. 


tares, Cor Scorpii. 


fi, Zavijava. 


Itl, Iklil al-Jebhah. 


y, Porrima, Postvarto. 


julah. 


e, Vindemiatrix, Mukdini. 


he Sculptors Workshop. 


Volans, the Flying Fish. 


he Serpent : 


Vulpecula, the Fox. 


lukalhaj. 




he Greek letters are exhausted in each constellation,, the 


rs visible to the naked eye are usually designated by their 


1 Flamsteed's Catalogue, published in the year 17x2, from 


ns made at the Greenwich Observatory. Flamsteed was the 


>nomer Royal of England. When these are used up, the 


ratified by its number in some catalogue, such as Lalande's, 


etc. 


Note B. 


he radius of the sphere, 


Area of surface =41^. 


the area in square degrees we must express r in degrees, or 


_i8o a 


* ' 




[a"=2o6,26$ and — — - =41253* as above]. 



Note C. 

The following are the twenty brightest stars in the heavens, 
ing to the Harvard photometric measures ; 



Star. 


Photom. 
Magni. 




Star. 


1 


*r. Sirius 


... -I "62 


*I1. 


/? Centauri 




2. Cannpus 


.... -0-96 


*I2. 


a Ononis 


(var.) 


3. Arcturus 


o - o7 


*'3- 


a Crucis 




*4. Vega 


o - io 


14. 


Aldebaran . 


• )•■ 


*5. b Centauri . 
•6. Capella . 


0'20 


'5- 


Spies.., 


, ., 


0"24 


16. 


Pollux 


. ... 


7. Rigel 


... 0-28 


*i7- 


a Cygni 


. 


*8. Procyon 


... 047 


18. 


Fomalhaut . 




9, o Eridani 


... 0-51 


'9- 


Regulus 




10. Altair 


... 074 


*20. 


An tares 





Those marked with an asterisk lie on or near the Milky Wa 
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Note E. — Parallax of Stars. 

According to the first principles of trigonometry, any object which 
i tends (or measures) i" of arc at the eye of an observer is distant 
ra the eye 306,265 times its diameter. Hence* if the earth's mean 
tance from the sun (about 92,800,000 miles) subtends at a star nn 
*!e of 1" of arc, the star's distance from the earth will lie 

92,800,000 x 206,265 = 19,141,392,000,000 miles, 

about 19 billions of miles. 

To obtain the distance of a Cenlauri, of which the parallax is §", we 
M divide the above result by f, or, which is ihe same thing, multiply 
'{, This gives 

Distance of a Centauri = 25,52i, 856,000,000 miles, 

about 25 billions of miles. 

For a parallax of J" the distance would be about 38J billions of 
les. For jY*, about 1914 billions, and for r4V> about 1,914 billions 
mites. The earth's mean distance from the sun is called ' the astro- 
mical unit.' Its value, according to Harkness, is 

92,79&>950±59 } 7I5 mi,es - 
fie distance of a star is sometimes expressed in ' light years * — that 
the number of years which light would take to reach us from a star, 
light travels at the rate of about 186,300 miles a second, this leads 
l simple formula for finding the distance in ' light years,' if the 
allax (/>) is known. If we divide the distance (band above for a 
allax of l" by the number of seconds in a year multiplied by the 
Jcity of light, and divide again by the parallax, we find 

Light years = ^5? 

P 
"he ' light year ' is sometimes taken as the ' unit ' of stellar dis- 
ces. Mr. Monck has suggested as a ' unit' the distance of a star 
ose parallax is 1" of arc. On this scale the distance of a star would 

represented by -• 

NOTB F. 
f / be the parallax of a star, its distance from the earth will be 

— *, in terms of the earth's mean distance from the sun. As light 
9 

ies inversely as the square of the distance, if we square this result 
vill show how much the sun's light would be reduced if it were 
loved to the distance of the star. Dividing the logarithm of this 
0-4 (the logarithm of 2*512, the ' light ratio ), we obtain the reduc- 
1 of light in stellar magnitudes. From this we must deduct the sun's 
litude, and the difference will be the sun's magnitude if 




Md a log 275MQ - io 8787286 

0-4 04 

Deduct sun's stellar magnitude 26 "5 

and we have 0*69 

That is, the sun would be reduced to a star of about 0*69 if removed to 
the distance of a Centauri. As the magnitude of a Centauri is Q-2Q, it 
appears that the star is a little brighter than our sun, as it should be, 
owing to its larger mass. 

From the above considerations I have deduced the following simple 
formula : If w = magnitude of sun seen at the distance of a star whose 
lax is p, then 



"' = 5 



"(>) 



+ 0*07 



(for sun's stellar magmtude= - 26-5). 

If this assumed value for the sun's stellar magnitude is not quite 
correct, the formula will be slightly altered. If we assume the value 
- 26 'O, then 

m = 5 log Q J 4-0-57. 

Ifj on the other hand, we assume the value - 27 "o, then 

•"=5i°g(^)-c."43- 

But probably the simple formula 

is near enough. For/ = 1", 

w = 5 log 1 —0, or zero magnitude. 
For/sr-rV' we have 

m-s, 
and for/sTfoj" 

?«=10. 

Note G. 

When the parallax and proper motion of a star are known, its actual 
velocity at right angles to the line of sight may be computed by the 
following formula 1 

Let /= parallax in seconds of arc, 
m= proper motion seconds of arc. 

Then velocity in miles per second = _Z*__!?. 

P 



When the period and the semi-axis major of the orbit of a binary 
star are known, and also its parallax, the mass of the system can a 
be computed in terms of the son's mass. For if P be the period ol 
revolution in years, d the semi-axis of the orbit (or mean distance), m 
and n the masses of the components, and M the sun's mass (or, more 
correctly, the combined mass of the son and earth), we have by the 
laws of orbital motion : 

d* 1. 

«+» ' S ' 

d'Af 
whence m + n= -_j~. 

Now, if a be the semi-axis major of the otbit, and p the parallax 

of the star, we have d= -, and hence 
P 



/•:!:: 



'M 



m +n = 



P* 



or, if we put M=\, 



« + « = 



pP* 



In the case of a Centauri, we have from Dr. See's orbit P— 
' r 'i years, a = 1770", and/ =075*, and hence 



» + »* == 



\xrif - TO0 , 



(o 7 5)» X (8i-i)" 
°' the combined mass of the system is twice the sun's mass. Mean 



nee between components, d=~ = 



_a_i77o _ 



m «tj distance from the sun. 



/ 075 



23-6 times the earth's 



Note I. 
The following method of calculation is given by Dr. Dune* : 

Let A = surface of the brighter star, 
xA = surface of the fainter star, 
I = brightness of unit surface of the first star, 
y= brightness of unit surface of the second star. 

Then for Z Herculis, we have the equations 

A + Axy=3 . . . (1), 

A = 2 ■ • • (2), 

A-Ax + Axy=\ . . (3). 

Subtracting (3) from (1), we have 

Ax=2 ; 
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and combining this with (2) we have 

j = i, 
and from (1) and (2} 

Axy=\ t and , \ y=h- 

Hence the stars are of equal size, but one is twice as bright as the 
other. 

To obtain a general expression for any Algol variable with unequal 
minima; 

Let light at maximum =M t 
Ditto at second minimum = S, 
Ditto at principal minimum = tn, 

Then A + A*y=M . . . (i)» 

A=S , . . (2), 

A-Ax+Axy = m . . . (3). 

Proceeding as before, we have 

Ax=M— m, 

oiSx=M-m, and ,\ x=HL^. 

from (I) S+(Af-m)y = Af, 
M-S 



and . \ y = 



M-m 



If there is no secondary minimum, as in Algol and other similar 
variables of this class, then equations (1) and (2) are equal, and 
.*. Axy=o, and the companion is a dark body. 

In the case of Algol, where the light at maximum is about three 
times the light at minimum, we have 

x=llJ=*=Q-6666, 
3 3 

and the diameters of the two components are in the ratio of 

I : v'rrtiCjSSj or I : 0-816. 

If the variation of an Algol variable is one and a half magnitudes, 
then light at maximum is equal to four times light at minimum, and 
we have 

4 4 
and the diameters are in the ratio of 

1 : "/075, or 1 : 0'866. 
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Note K. 

The brighter stars are usually designated by the letters of the Greek 
alphabet. They arc as follows : 



Names, 
Alpha. 
Beta. 
Gamma. 
Delta. 
Epsilon. 
Zcta. 
Eta. 
Theta. 



Names. 

Iota. 

Kappa. 

Lambda. 

Mu. 
Ku, 

XL 

Umicr in, 
Pi. 



Letters. 


P, 


P 


2, 


a s 


T, 


T 


T, 


K 


*, 


<p ■ 


*, 


X ■ 


* 


+ ■ 


«, 


w 



Names. 
Rho. 
Sigma. 
Tau. 
Upsilon, 
Phi. 
Chi. 
PsL 
Omega- 



Note L. 



The magnitude of the faintest star visible in any telescope may be 
found by the simple formula m = g + $ log aperture (in int/ns). This 
gives the following : 



Aperture. 

Inches. 


Magnitude, 


Aperture. 
Inchcb 


Magnitude. 


Aperture. 
Inches. 


Magnitude. 


I 


9 


6 


I2-S9 


16 


15 


I* 


988 


7 


IJ-22 


18 


15-27 


2 


10-50 


8 


l3-5« 


to 


155 


4 


11 


9 


•377 


as 


16 


3 


11*38 


10 


H 


30 


16-38 


4 


12 


12 


144 


36 


1678 


5 


1249 


>4 


1473 


40 


17 



To show stars of the twentieth magnitude— if any such exist— would 
require an aperture of 158*5 inches, or over 13 feet. Dr. Roberts 
finds that the faintest stars visible on his photographs are about the 
eighteenth magnitude. Photographs show fainter stars than any visible 
in the largest telescopes. 

Note M. 

While this volume was in the press, Messrs. Miiller and Kempf of 
f'otsdam announced their discovery ol a remarkable variable star in 
the constellation Ursa Major, having the marvellously short period of 
4 hours I It varies from about 78 to 8'6 magnitude. The duration of 
minimum is about JO minutes. It is DM + 56 , 1400, and its position 
for 1900 is 9 h. 36 m. 44 s., N 56° 24-6'. This very interesting object 
lies about 20' east of the star DM 56°, 1397 (6*67 mag. Harvard), and 
about 2° north-west of the 44 magnitude star <j> Urste Majoris. The 
fluctuations of light may be followed with a good binocular field-glass. 
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Ctown a»o, clnili ecira, us. te. cadi; pott Itvo. illustrated boat 
One by One- | A Real Que en. | A Dog and hi a Sha dow. 1 Ropes I 

Rut Bro, Ulusti each. 

poeen Cophotua. | Olynii ■■■•> o( the L,feur, ' Xing 

Jack noyl&'s »S ^^^^^L^L^L^L^L^ssssssssssssf^ 

dcrlc (Harold), 
I Arother'i Wile. 



Novels b} . 



th% iVsv 




INDUS, PaMLher*. lit «. Kui li > rt. W.C. g 



tie to the London Charities, i< 



is. 6i. tich. 



ar with the Rajp 

rs India. 






ml).— The Red Shirts: A Tale of 'The T 

, Ait bid. as. 



's Magazine, The. 

■eace. EioBupliy. aii'J An. .-" ! ■ TaWO Tf.- 
SrxnJ I'v. 'i. 

wn's Annual, The. Published Annually 



Popular Stories. Collected by the Brothers Grim i 

'.VLOR, With Incr'jiluukm I 

■ ■ clm.fi. &f. &Y. ; gl" t edge*. 71, &/, 

|bon (Chas.), Novels by. Cr. 8vo, cL.31. &d. ea.; post 

I Loving a Dream. | Tha Braes or Yarrow. 
Of mfn Degree. 



1 Cray. 

fag Gulden Shaft. 



} Roww or the. Forest. 

tOftAd I', 

' L»ok of Cold. 

.ha. Worlds ay? 
- 1 .i*. 



A hard Knot. 

Juosn ol the Meado*, 
11 Pastures Oreen. 
In Love and War. 
A Heart « Problem. 



Hy Mead and Stream, 

Fancy Free, 

In Honour Bound. 

Heart's Delight. 

Blood-Honey. 



5omerviUe).— Sentenced 1 Crown Svo, clo 



t's (W. S.) Original Plays. In 3 Series, post Svo. 2s. 6rf. 

The Wicked World— Pygmalion and GMitea— Oiarlf > - 
of Truth— Triil by Jury— ] Canine. 

i U*M»— nciirnsc'l— Sweethearts— Gretchen— Dan I Dr • 
1= — The5orter*r— T.. 

Fairy— Rosencraala and 
hf l l mim Ida— The Mikado— kurlJigora— Ilia Vcumcn : 

BlfM Original Comic Operas wrill i . Two Satin, demy : 

[ury. 
The Gondoliers— The Gran 

The. Cllaert and Sullivan Birthday Book: 

. 

William). — James Duke, CoBtermonger. 

idbo.i 1 



5 (Algernon), Novels by. 

ret of the North Sea. | 

ire In the Sun. 



Svo, cloth, gilt top, 6s. 

The Wealth oC tdadlarstug. 






le (Ernest), Novels by. 

1 



po« *.ra, ill.nrnir.l brord*, it. earn. 
,ml Ad'enluro. Wlih I ''MSRBT. 

J. With 'I 



The Lost Be tress I A Tali 
■^■^■^Brick? r 

A F;-!r Colonlnt. Willi .1 I 
TnaCpJdon BocK. 

I yarns. Crown Svo cloth, 11 

1 Irom tha Veld. '.. 



leorge).— A Year's V, Harden and Qreenli 

VllliamJ of the Necromancers., \ 






Of Ihoujiht, TUe: ft. SywXwma*! qv < 

By TiiBoc v**- 






10 HATTO * WINDU5, Publisher*, hi St Martin s Une, Loaaoir. W.I 



ioodman J [E.J.) ._— The Hate of Herbert Wi 
of a Dying Race. < 
Greeks and Romans, The Life of the, dc» 

■.ST f.i'Hl. and W. XONBK. Edited by Dr. F. HUEPFER. Wll 
- -iioiv n Svu. cloth extra. 71. id. 



Greenwood (James: "The Amateur Casual ").— The Prison 

la t>i* Dock ; My Four Years,' Dally Bxparlencea In the London Folloa Court 

Crown Svo, cloth, jr. fni. 



Grey (Sir George),— The Romance of a Proconsul : Bi 

Pcnonil Lift and Memoirs of Sir Gbokge GREY, K.C.D. By JAMES Milne. With Pom 
EDI TIO M. Crown B»o. buckra m, ftr, 

Griffith (Cecil). —Corinth! a Marazlon ; A Novel. Crc 



Gunter (A. Claverlng, Author of ' Mr. Barnes of New \ 

A Florida Enchant me nt. Crown 8n>. doth, y. 6d. 

Guttenberg (Violet). — Neither Jew nor Greek: A Story of Jewt 

■-J Life- Crown eta, cloth, gut top. 6j. 



lair. The: lis Treatment in Health, Weakness, and Disease. 

loth. 



Hake (Dr. Thomas Gordon), Poems by, Cr. 8vo, cl. ex., 

Haw Bymboia. I L ejanda of th* Morrow, I The Sat pane Play 

[aid en Eeataay. Small 410. dolli eitra. tt. 



Halifax (C.).— Dr. Rumsey's Patient. By Mrs. L. T. Msaob a 

Halifax. M.D, Crown Uvtj. doth, v. id. 



Hall (Mrs. S. C.).— Sketches of Irish Character. With n 

rations on Steel sad Wood by MaClISE, UiLEERT. HaHVEY. and Ceor&e 

Small dciny Bvo. clofh evira. jt. id. 

II (Owen), Novels by. 

TM Track ol a Storm. Crown Sro, doth. y. id. ; picture cloth, sal back, at. 

Jetaam. Crown d?o, doth, 3*. id. 

Crown 8to, doth, gilt lop. or. inch. 
Eureka. I Hernando. 






Halliday (Andrew).— Every-day Papers. Fost 8vo. bds..«. is*** 



Hamilton (Cosmo), Stories by. Crown 8n 

The Glamour ol tho Impoaalblo. I Through a Keynote. 

tit two stories may alio bo had bound together in onn volum e, crown 9«o. d * ■■ 



Handwriting, The Philosophy of. Wuh over 100 Facsimiles, 

Eiplmaro ry Tetr. By D o w FeLiX PR SaLaMaWCA. Peat fly 



lanky- Pan ky : Easy and Diilicult Tricks, While Magi 

Hand; Ac E dited by W. II. 

Hardy (Rev. E. .1., Author oi ' Bow to be Happy tbougl 

Lavt, cou rleh I p, and Marriage. Crown two, doth, y. id. . 

Hardy (Iza Duflus , Novels by. 

Crown 8»o, doth. Bill top. it. each. 
In* H mr a Wll. t Man , Woman, and rate. 

Hardy (Thomas).— Under the Greenwood Tree. 

BX&k, if, id. : mnHraterJ hoards, ar. : doth limp. sr. W.-Also the FINE PAPEK 

.■. gilt top , xi. net ; _l««the r. giU edges, jj. pet. | , 

Hawels (Mrs. H. R.), Books by. 

The Art of Beauty. W'nli Coloured Frenrtspieee and ot iBustrnilon*. square ■»!>. 
Tha Art ot Decoration. With Coloured ^oriilsplece and 74 Illustrations. Sq B«o. 
The Art of Dreaa. WLthj* Illustrations. Post Bvo, u. : doth. lrJU*. 
Chaucer for School*- with the Story *nd his won. A Nee 

With a Frontispiece. Demy 8to. cloth, ar. 6Y. 
Chaucer for Chil dren. W ith 38. Il lustrations IB Coloured), C rown «t->, 

Hawels (Rev. H. R., M.A.).— American Humorists 

Irving, Olivwr. Wpndbu. Holmes, Jamks RussblL Lowell, A* rail 

twaih, and BRUT UaRTH. Crown Bio, clolh, 6>. [ 



Hawthorne (Julian), Novels by 

Crown Sro, cloth eat™. j«. 6,1- each ; 



post tvo, flhnfnted beatdi. a/, rath. 



El lice QuenUn. \ Bailrli R.ndoipn, 

Rmbmmt\nn Rtrnma \ De.Mv4 ?u\wiis-.st 1 DlaappM 

Part «,o. UausWsYed WH, «- •**• Wsja^-. 
JiJauj Cad oca a. * V^-eii-ti* *» w »- 




INDUS. Publisher*. u» St, Martina Limb, London. 

nctf * • 

v 

■ 

LS, *c. 

\ k— II. With Portrait by JOHN PUTTIE. R.A. 

t BL. 

ES OP TKAIL tW D TOWlf. dte. 

■ i Choice Wo*fca, la Pfom and Veree. Wtlh Portrait o1 Die Anient u 
•j. orf 

■ >•! Murte'i Po«[lcil WgrKi, Printed on hand-made p»p«. Crown Bro, bucarm: 

•■»'"• Later Veraaa. Crown B«o.litu!n gill, jr. 

In a Hollow ol trie HJila. Crown Bra, picture cloth, Bat back, ar. 

Crown Svo. cloth extra, jr. 6rf. each ; post 8vo, picture boards, v. each. 
Gabriel Con row. 

* Well pf thu Plain*. Win, to illustrations by STAJtt-Hi 

* Wtrd ol the Guidon Gate. With jo 111 ,-tr,itlr,nt by STANLEY l_ WOOD. 

Crown ira. cloth ol", jr. SA met.. 

* Sappho of Orean Seringa. Ac. With Two lllif trillions t-y HUMS NISHF.T. 
Colon 1 1 StarboUle'e Client, and Soma Other People, With a Frontispiece. 

I Vignette by J. A. CHKI5TIK. 
Bally Dowa, Src With j? |H,ir-UJtiont by W. L». ALMU.VI) and other*. 

J* Protegee ol Jaess Mnmlln'a, 8ri . With c II ustmttoni by M anal*, 

N Bali-Rluger ol DnMI'a, Illustrations by Dudley Hardy ami other* 

.jMAH, 
lilust rations by A, >'ounr<TiaK, PAUL 1-tARirV, Sec, 
l*"ll 1 Ford, fee With a 1-rontUpiec* by W. It. OVEKBND. 

*ht Crusade ol the "Excelsior." with a Frontkpiace by I. Bernard PartbidGR 

Pnrlnart s or. The Hit Strike en Heavy Tree Hill. With 8 Ulumratiuns by J. tiUL-ICH. 
Iilnu of Trail and Town, With I [ootitplcceby G. r. J/tCOMB-Hooa. 
Condensed Noveia: Mew Burlesques . <An entirel y new series.) 

Crown Brn. tlnlh, jr. erf. each j picture cluili. flit backs, ai. each. 

* Sappho of Green Springe. I Colonel BtarbottUa Client. 

A Protegee of J aok Hamltn'a . W ith num erous Illustrations, 

Post Eva, illustrated boards, it. each, 
«o Holreat of Bed Dog. I The tuck; of Roaring Camp. I California!! Hioria 

Post 8*0. Illustrated boards, ai. each j cloth, %i, erf. each. 

| M>ruj«. | A Phyilli of the Burn* 



thorn (C. W-), Books by. 

a n UouvoD lra. I London Memories) Social, Historical, and TopogrAptalca.1, 

(Sir Arthur), Books by. Post ovo, cloth limp, as. td. each. 

• els *_iid thalr JEastora- | B oclal Presaure, 

Lde airnti! A Novel Crown 8vu, cloth eatra. y. a,/, i post Bvo, lllui.tr.ted hoard*. *J. 

rson (Isaac). — Agatha Page: A Novel. Cr. 8vo,c.,, 3 - 
(O. A.), Novels by. 

&, the juggler. With Eight Illustrations by Stanley U Wood. Small demy BVo, il- 
lustrated boards, or. 
Colonel Thorndyke't 5&Cr«t. With a Frontispiece by 9TAN1.BY L, WOOD. SmaO demy Br 

^ih elites. St. 

Crown Bvo, doth, jr. 6,f. each. 

»# qnaerfa Cap. | Do roth y'B Doable . 



ian ( Henr y), — A L eading Lad y. Po st 8 vo, cloth, 2 s. 
rick's < Robert) HesperidesV Noble Numbers, and Com 

Collected Poemi. With Memorial-Introduction ami Notes, by the He v. A. B. GR05.M 

,- rown Bro. tkith bont-iis, ji. txi. each. 

tzka (Dr. Thebdor).— Freeland : A Social Anticipation. Trans- 

MtTHUft RaWSO M. Cro wn Bvo. cloth extra, 6r. ^ 

•V'arteER (Chevaiiei* Ernst von).— Tunis: The Land 

rtlh nlllostratlnns id. ____^^_ 



II (Meadon).— Zambra the Detective. Crown 8vo, ci 



I (John), Works by. 

Tolony. I'.i st Kro, boante, ax. | T he Common Anceator. Ci 

kson (H. A.), Novels by. I . cloth, gitt top, 

Pan Fitzgerald. I Sllh and Steel. | 

Where to go for a. i 

Vatsgn, Jamk Bab low, m»by LnvaTv Ckwev/ 

I. bALTHK. Pit 



TTO & W1NPUS. Pnbl 



loey (Mrs. Cashel).— The Lover's Creed. 



s (Oliver Wtndell), Works by. 

T h a A u i ocrn t of t h c n i r- p.. Ji fast-Tab I a ^H 

lli, ;.', 
The Autocrat of tha Er_u.kiast-Ta,ble ami The Protestor at tha Ercakf__l-T_ 

lood's (Thomas) Choice Works fi 

,m. Crown BtfO, clolli, 

W!. I rnB and. Oddities, v. 

heodore) Choice Humorous Works; 

, r__, and Hoaxes. Willi a Life. ANs» ; 


Mrs. Qeo.).— The House of Ra b 
Hopkins (Tighe), Novels by. 

Pop 7r«adoiii. Ci 



thrown 8»o, cloth, 31. '- . 

rontiipic'ce. J Tha "" 

I NeltHaf! 



'Twlal Love and Duty, apiece.]"" Tha Ineomplata _•'■ 
Tha N ugant.ul C-rrfconna. | Hell H_K_nd_>. WiihS II 



lortie (R. Hengist).— Orion : 

Pflrtior Ion. Crow 



An 

1 too,. 



Epic Poem. 

Jothestre 



Will: 






Hornung (E. W.).— The Shadow of the !<ope. 

IM P. ft«. 

Hugo (Victor).— The Outlaw of Iceland (Han d'lslande), 

1 El-U Crown gvo, clo th, y. 6* | 

Hume (Fergus), Novels by. 

The Lldy from Nowhere. Crown 8»», cloth, jr. erf. ; picture doth, flat l>i 

The — lllionalra Myatcry. Crown Src doth. 31. _t*. 



Hungerford {Mrs., Author of ' Molly Bawn '), Novels by. 

Post BYo, Illustrated boards, _. each : cloth limp. _■. _f. each. 
In Dutanc- YtU. I _ C _8at.s.actory Lover. 

Crown 8vc, cloth extra, v. firf. each ; pent Syo. lUus .rated boards, _. each 1 



X Maiden All Forlorn. 

runlet. 

A Madam Circe. 

April'- Lady, 

An Anxious Moment. 



Peter '■ wile, 

Lady Patty. 

Lady Vomer'* Fllffct. 

Th* SeJ-Hous. Myittry. 



The Profelaor's E_| 
The Thrca Graae*. 
Horn Creina. 
A Haiiui SKUfifle. 



Crown ova, clot 1 1 extra, y. >.,!. each, 

Tha Cumins! of Chi go. j A Point of Conscience. ! 



iunt\s (Leigh) Essays: A Tale for a Chimney Corner, &c. 

: M-a.baj^boiwd.u. 

fuiit (Mrs. Alfred) 



Novels by. 

ilh extra, jr. firf. each - pn*t E 
Th* Loailen Caabat, I Soil-Condemned. 1 That Other ~ 

Tjtra. Juliet. Crown -to, cl. 

; ison (W. M.).— Hints on Colt -breaking. 

. Bvo, cUmI. cttr.i 



. 



lydrophobia: An Account of M. Pasteur's System ; 

..ssions (The) of Aureole. th. zt, iri. 



r Paupers. By One of Them. Crown 8vo, a. ; cloth.: 
Inuian (Herbert) and Hartley Aspden.— The Tenr of 

H to. clo th, gill I op,_&r. _________ 

In Memoriam : Verses for every Day in the Year, 
innkeeper's Handbook (The) and Licensed Victualler's 



Collected and I 



Irish Wit and Humour, Songs of. 

Irving (Sir Hear. natty Year: 

ri mer FlT-C-BAL P. With Portrait. Cnn 

Jmm\ 



imes (C. T. C). — A Roman;, ol the Queen _ Howu 

' • < p, 11, 6 . 1. __________ 

Jameson (Wit J i am) . —My Dead Sett. *«*■ ** - » 



t tt \\ INDUS. Publisher. ) 

tic Pictures, &c, Cr- Svo. do ; 
; (Richard), Books by. Crown Svo, buektam, 6*. each 

■ ature near London. . I TBI* Open *Jr. 

Tba Lite of the Field*. Crot.ii. ro, riolli, fill top, >• 



Tn« Eulogy ol fitehard Jeft«Me.a. By Sir Waljek BtSA.-tr. Willi a rhotu?ni| .',. 

i i, Aj. 



snnltigs (Henry J.), Works by. 

CurioiJ tlaa Ol Crltlelim. Post Bro, cloth Rinp, i 
Lcsd Tinny sod ; 



r.i.t h»o. ciuii.. u. td. 



lerome (Jerome K.), Books by. 



61i.<olo.liil. WKh t-4 iBiutnUona l.v J. BE :■ :-at D 

: i jar Paid. &t. With e niuMs. by A. S. Born andJonaC'. ' 



Jerrold (Douglas).— The Barber's Chair; and The 1. 

L;m Lsri. Po-ic Svo. printed on laid paper and htdf-ba-uibd. mx. 

• Id (Tom), Works by. Post 8vo, it. ea. ; clotb limp, u. 

Cardan that Paid the Bent. 
■ ttold Horticulture: A u oniptbout Flowers. HhrBnUad. 

J ward).— Scenes andOccupations of a Courttrj 

__^ 



liam, F.S.A.), Works by. Cr. Svo, cl. extra, 31. 6.1. 

Finger- Rtntf Lore : Historical, Legendary, and AheedataL Wish Hundreds of: 
Ctaarn a ton CoronmUcmai A llistcryof Regalia. Whim IHmtratipga, ___^ 

lonson's (Ben) Works. With Notes Critical and Explanatory 
..tjuIikJ Memoir by William OIFFOKD. Edited by Cvtaiel CUN-VIHGHAii, Three 
o. doth eWra. ji. id. each. 

f.-hus, The Complete Works of. Translated by v. 

. lie Antiquities of ibe Jews' and'TUo Wars ot die Jews." Wilt 51 lUutttalioBl jjjJ; Map* 
fcvo, half-cloth, ai. id. 

ienTpt (Robert).— Pencil and Palette : Chapters on Art and ; 

\ tarn Ba.i. doili limp, v. id. 



iw (Mark). — Colonial Facts and Fictions: 

Pu,t Era. Illustrated boards, or. ; cloth, u. 6J. 



Humorous 



(R. Ashe), Novels by. Post Svo, illustrated boards, 2s. each. 

1 a Wearing at the Green.' | Paetlon'a Blave. | Dell Barry. 

A Drawn Gem*, crown Svo, doth, y. erf.: post Hvo, illustrated boards, af. 



»ipllng Primer (A). Including Biographical and Critical Chapters, 

principal Writings, and Bibliographies. By F, L 
f American Lyrics.' V 



(William, M.R.C.S., and Edward, L.R.C.P.). — The 

f.'a Vfl.de Ma cumi How to Get Most Benefit from Medical Advkc. Cr. ,- 

(The) of the Lion : A Romance of the Thii 

li an Introduction, liy the MaUcjUess Of Lormb. K.T . Crown 8vo. doth eitra, 01. 

(George).— The President of Boravia. Crown, iv 




mb's (Charles) Complete Works in Prose and Verse, inc 

• , fgr ChUdirn 'and ■ Prince DoruS.' Edited, with Notts and Introduction, 1 

its and Facsimile of the ' Hsiiy on Koast I'-i.. Crown Eve, da 
Tbe. Eeeaye ot Ella. Fost Svo, printed on laid paper and hali'-bounJ. ar, 
Lltlla Eiiaya ; Sketcho* and Cbaractcis by CUAB.I , TuKCV 

Fost 'is'.', cloth limp, 1 
Tha Dramatic Baanya of Charlea Lamb. With Introduction and Kotos bj ' 

: i r:u t. Fcap. 8*u, hal f-bound, aJ. 6rf- 



llie Earl of \l; 



tndor (Walter Savage}.— Citation and Examination of Wil 

Shakn^air. aVc. before Sir Thomas Lucy, 1 

\ Cor, r.i re rice or M astir Edmund Bpanser with t~ 




ward William).— The Thousand and One Nij 

;Tbe Arabian Nights' Entertainments. 

! villi many Inii- 

V 1.ANH-POCH.E. Th r. 1 

[Jacob), Works by. 

ot (he Clergy. Post evo, laid paper < hall 



PsffBaat* A a»0t]ott>e. 



Th<WinueA f4»*ft«V"a\«i% 




14 CMATTO A WINDUS. Publish*™, in St. Martin* Un. 



Lclunann (R. C), Works by. 1 loth, u. tit?. •. 

Harry Fiudyer at Cambridge. 

urantlonal Hints for- You ng B h ootarsi A Guide to Polite Talk. 

Leigh (Henry S.). — Carols of Cockayne, Printed on b: 

\ l-avmd In uucleram, 5/. 



Lcland (C. Godfrey).— A Manual of Mending and Repairing. 

I'ia Efa mn. Crown 8vo, cloth. 51. 

Lepeltetier (Edmond). — Madame Sans- Gene. Tr 

1 endi Iry lOHN Da VtLI.lp.HS. Post Bri\ doth. V- '• ; | J,; > **• 



Leys (John K.), Novels by. 

Th 6 L I n d aaya. Post 8»o. p i cture l ull. , is. I Jt B or e Temptation. Cr. I r c 

Li I burn (Adam).— A Tragedy In Marble. Crown : 
Lindsay (Harry, Author of 'Methodist Idylls'), Novels 

Crown 8vn. cloth, ji. ■■-, 
R hod a Roberta. I The Jaco bite; A Utiuiancc of tlie C<u- c Forty. 

Crown it o, 1 
JudAh Fytcrort. Puritan. I The Btory or Leah, 



Linton (E. Lynn), Works by. 

An OotBva o( Friends. Crown Sro. d< - 



11 
Under which Lord V 
'My Love!' [ Sowing vim Wind. 

fasten Carovr. 

Dulde Evorton. | With a 5 



Crown E»o, claili exira, jt. dj. 
Patricia Karnb&ll, | ion*. 
The Atonement ol Learn Dundaa. 
The World Weil Lou. With 11 Ulusts, 
The Ope Too Many, 

The Hebel of the Family. 
. v.j, doth limp 
Wild, S Curia*. | Ouraalveal Einyi 
FreeKhoctliiu 1 ICuracn fr om llie Works of Mra Lv.NK Liktok. 

Lowe (Charles, M.A.).— Our Greatest Living Soldiers. 

■ Portraits. Crown 8m 



Lucy (Henry W.).— Gideon Fleyce: A Novel. 

post Bro, illustrated boards, ss. 



Crown 8vo. 



Macalpine (Avery), Novels by. 

Teresa Itancti- Crown B.-o. cloth extra, u. 

Brokan Wlnt's. '•' '-v. Cr own tr r, 

MacColl (Hugh), Novels by. 

Bfr. Btrandor's Sealed Packet. Port Ire, Illustrated board?, a*. 
Ed nor W hit lock. Crown Svn, cloth e»tm, at. 



Macdonell (Agnes).— Quaker Cousins, t'ost 8vo, boards, it. 



MacGregor (Robert).— Pastimes and Players: Notes on l'i 

Bro, rloth limp. is. W. 



Mackay (Charles, LL.D.). — Interludes and 

Musical Twil ight . Crown Bro, c loth curt Ai. 

Olackenna (Stephen J. 



Undertones; 



and J. Augustus O'Shea. — Brave 

111 Action : Thrilline Slorles, of the British VUc. With 8 Illustrations oy Si.v 
Small demy fl»o, cloth, f^lt edges, jr. 



McCarthy (Justin), Works by. 

A History of Our Own Tirana, from the Accession of Oueen Vlttorla tot! 

iBSo. LlBBAKV EDITION. FOUI Vol 
EDITION, In Four Vols., crown 8«o. cloth extM, 6j. each.— And the Jt :r: 
Appendix of Events to the end el 1886, In Two Vols., Urge crown Bro, c I.. 
A History or Our Own TLmel. from iRo to the unimmJ Jubilee. Demy t>o,^^^H 

«zr. ; or crown Sto, cloth, it. 
A Bhort History ol Oar Own Times. One Vol., crown Bro, cloth ixlra, 61.— AI" 

POPULAR EDITION, post Bro. cloth limp, -r. btf. 
A History of the Four CoorSes and of William the Fourth. Dv Justin ' 

BBd JUSTIN HUNTLY MCCARTHY. Four Vols., demy Svo, c! 
Tbe Rulifii of Queen Anne. syols.. ' . m each, 

Bamtnlieeneaa. With a Portrall 

Crown Bvo, cloth extra, jr. 6ft each ; post Sv. . if its, ai. each ; c 

The Waterdale Nefshboapa. | Donnn Quixote, wm> .. 

My Enemy's Daughter. The Comet or a Benson. 

A Pair Saxon. I Llnley Hochford. [ Mairl o? Athoim. v 

a«mr L-ndy Disdain, i The Dictator. I Catnlola : A t.u. •• 
AViss ATJaanthrcp*. With ul toMraUans. \ H en WajmoTvo*. i The BtddJs K 
Crown Bra, cV 

TJie TFirvaDla/jracei, a» ( \ »ontj^\" 

•T/i« Might Honourable.' f. 1 iu»«ivCm«» 

ctoth extra, 6*. 



LTTU A W INDUS. Publishers, Ml St. Martin's l.nne-, Landau 

lust in Huntly'i, Works by. 

ranch R« volution. 

i me History of Ireland. CrownBvo, 1/ 

l,h(l)iiloji: .'■<'• ^ y. l?98-i B86. ..■ 

H«Qt In London 1 Poeim. ■ 
Our SanuUlon Naval. Cr 
Doom : 

1 Sketch, CrownBvo, . u.srf. 

Illy Luis: A 
1 London L-JniiJ. 

1 Royal Cnrlatoph ar. ' 1 

laid ((ieorge, LL.O.), Books by. 

Work j ol Fancy and Imagination. Ten Vols.. j6mo, cloth, tilt Bilges, la doJ'li l*... 
^^^^HE*""" T ho '" ' ilo'h. at u. fix each, 

ll*g, 

SONJ1KT5.— 01 
. , AND NIGHTS.— A BOOK OS DHIIA 

1 vol. vii. tiiePl" 

IB CARASOYK.- Ill IXB riAVI H.IIT. 

s - .— t h e c as ;i l b.— 1 "h b ur oke.n s 
Uncle Cor.ni-.li is. 

Fo'jllcn.1 WorUi 01 Gaorfa Mac Don aid. I Amunjed by Ihe Aul 

K! uo, 111, 

"Threefold Cord. Edited by Cbumc ■•■ Bra, cloib. s». 

aanlaxtoa: A 1 ,,-iir Ronun u by J. BELL, Crown 8to, clol 

Mli<ir and Bnawi A Navel. Crown Bvo. clol li extra. y.i,i. ; post Bro. UlusiraM 
g. Sf.ccimi EDITION. Cl own Ira, c loth emta, 6j. 

(Robert).— A Blow over the Heart. Crown 8vo, > 
Portrait Gallery (The) oi Illustrious Literary Charac- 

I Ur«; 85 Portraits 1-y Dam EL Maclisp: with Memoirs— Bioi,'r. 

ismilve or »h* Lhcratura of iho fanner half ol tue Present Century. iy William 
i»g. cloth ea tta. v. 6rf. 

fai-quuid (Airs.), Works bv. Square Siva, cloth extra, 6s. each. 

In the Arde.nna*. WW, =;„ luusti * by THOMAS R. MACQUi 

- and Lasendi Irom Normandy and Brlttnny. M Ill'isl". hv T. S 
Through Normandy. With q- Illustration* l.y T. K- MACQUulD, and a Map, 

* o r*»jhlre. With fry Illustrations uy T. R. MACQUi.'lo. 

in'a Own Book, The: Performances with Ee.gs, Ha 

IV. Ft. CREMER. With 50ollluitr*t'"Tn. Crown Bvo, cloth «tra. j l. arf. 

Lantern, The, and its Management : Including full Practical 

By T. C. HBPWOETH. Wllh 10 lllustrationa. Crown Reo, it. ; cloin, u. SJ. 

Charta: An Exact Facsimile of the Original in the British 

da emlilnconed In Cold end Cokiiin, 51. 

lory (Sir Thomas), — Mort d' Arthur : The Stor: 

Kni^'Ui of the Round Table. (A Selection.) Edited l.y I. 

loth limp, it. 



laNock (W. H), Works by. 

The How Republic. Post Bvo. cloth, w. tW.; picture boards. «. 

The New Paul and tflrglnt nr I'o^nimtn on an Island, Postaro, cloth, xi.M. 

Hi*. Stnall 4(0. parchmen t. On. | la Life Worth Llvln|? Crown 8vo. 

Irguerltte (Paul and Victor),— The Disaster. Tra 

IPl fflHRU: LRES. Cr o wn Bro. clolh, 31. 6d. 

lowe's Works. Including his Translations. Edited, with Notes 

Hid Imtoducltons, l>y Colonel CUNNINGHAM. Crown Byo. doth ertra, y. 6A 

in (Finch).— Annals of the Horse- Shoe Club. With.'. 

'.y the Am IIOR. Ciown Rvo, cloth, gilt lop. 6r. 



ssinger's Plays. From the Text of William Gifford. Edited 

" Crown Bra, cloih ertra, $1. Ci. 

Itthews TBrander).— A Secret of the Sea, &c. Pos; 

imp, xr. oVf. 

SJaTO'Rell," Books by. Crown bvo, clolh, $s, bd. each. 

TUe Royal HliIhneBB Woman. J BctW«*n QnraaHaa. 

■rrick (Leonard), Novels by. 

■~na Jffan who Hal Good. ndt, v. 




p^^TirSViwS, Novels t 

IrvlflS 1 * — -^ 






Ill Si. Martin's 



ID. Christie) .ind Henry Herman, Novels by. 

I The a -hops fcible. 





jyeis by, 

. o, cloth, ir, id 
roe of Bluff. I A Song of Sixpence. 



>lt (H.;.— Take n from llie Enemy. Post Svo. leat ru 
; (Hume), Books by. 

Op.' i i . CJ, ; past Eto. Illustrated boaritf, u. 

araird St. Vincent. l' ost aw, tllu'tfBicd boar ds . »j. 
ins In Ait. leas. Ui>m-n Bro. doth i-nr.i 



. E.), Novels by. Crown Svo, doth, y. t*i. each ; post S\ 
> hoards, ar. each. 
[ Ann't. _j Billy Dell aw. With i not. 



JCS), Novels by. Post Svo, illustrated boards, 2s. 

ad. j_ A Last Lotc. 

i ; e bonds, u. 



'■ Deaths. 



['I' '.UK. 






nt (Airs. J, Novels by. Post 8 vo. illustrated boards, zs. 
[>rlmro»e Push, | Whuol adiea. | T he Greatest Holrasa In BBglT 
loroo resi. Crown ho, cloth, y. tu£ 



ighnessy (Arthur), Poems by: 

Fcap. Svo, cloth extra, jr. tit. each. 

1 and Moonlight. | Bongs of & Worker. 

Of France. Crown iro. cloth extra, iui. ;.l. 



Novels by. Cr. Svo, cl.. 31. 6d. ea.; post Svo, illust. bds., 



In Bondage. 

limore. I Ctaandos. 

' aGatfe 

r Two Flags. 

I Jo alia. 
Farlne- 



* Dog of Flanders. 
Fascarol. | filgna. 
Two Wooden Shoos. 
In ■ Winter City. 
Ariadne. | Friendship. 

A Village COfntnunb. 

Moths. I P lplatrello. 
Foi'ui*« EnmnNS, 
r Two riaga. | moths, | Held in Bondaiio, I Fuck. I St ruth mew. 
V At era of Edera. Cr 



In Baremir.il, 
BI,nBl. I Byrlin. 

Fr cocoes. I Ol. 

P.lncesa Napraxtii«. 
Outlrieroy. I Ttv. 
Two ortendftr*. 
Santa Barbara. 



doth, 3», 6.r\ , picture ctulh. flat I 



pas. Wit. and Pathos, lelectod from ThVw 

i :ik. illustrated boards, aiv 

r (W. T.). -Lake-Country Rambles. With a l 

•P, 61. 

rang Hari ; or, Memoirs of i Bud 

E FKEBe. !•■- 



With Preface I 



salon, The Illustrated Catalogue of the, tor 1 002. (Twenty. 

■<'*. DemyBvo. y. 



James), Novels by 

■ loth citra, 3r. ftrf, each ; post . ti. each. 



Up Masslngberd. 

nty FantUy. 

Slack than We'ra Painted. 

r>jry. 1 For Cash Only. 

Spirits. 

ifldentlol A^ant. 
pa teem a Thor». 



The Fumlly Scapegrace. 

Holiday Tasks. 

The Talk ol tha Town. 

The Mystery of Mlrhrldge, 

The Word and the Will. 

The Burnt bullion. 

Bunny Stories. I A Trying r 



toot Stories. I From Exile. 

ester Brothers. 

•d Beneath Him. 

nek's Tutor, i. Walter's Word. 

feet Treasure. 

father, (.Ike Bon. 

iman't Vengeance 

on's Year. 1 Cecil's Tryst. 

»y's Master. At Her Meroy. 

lyrrardi oi clyne. 

Private Views. 



i-v. | ' ■ . iii.r [. up, i ootids, sr, r ii b. 



Pound Dead. | Gwendoline's Harvest. 

MlfR Abbey. I A Marine Residence, 

The Cnnon's Ward. 

Mot Wooed, But Won. 

Two Hundred Pounds Reward. 

The Best of Husbands. 

Halves. I What He Cost fiu. 

Fallen Fortunes. Bit: A Memory. 

Under One Roof. I Glow-worm Talc*. 

A Prince of the Blood. 



;ifrn Dick Whlttlngtun ; ol 

rll mhO Prfvntlor... Cfnumlva.ctaAi.y.. 

. 



Jerry the Dreamer. Cr 




iS CMATTO & W INDUS, Publisher*, in St. Martin* Urn*. 



Pascal's Provincial Letters. A New Translation, with ED 

ijcu.in and Motel by T. M'Cuin. P.O. PostBVo. hatl-cloth. tr. 



Paul (Margaret A.).— Gentle and Simple. Crown Svo, clc 

_Fri" i.shPatbmok. 3> . 6A ; pent BTO, (I 



Pennell- Elmhirst (Captain E. : " Biro* te Best 

i 



Penneil <H. Cholmondeley), Works by. Po: .., it.i 

Puoli on Pegasus, Wltl 

Peijasus Ro-Saddled. Willi "Ten full-page Illustrations t-j i.lBR. 



The Blmci ot IHaytftlr : 



, da Sir || a, Selected i y 



helps (E. StuartK Works by. Post 8 vo, cloth, is. 6i. each. 

An ord. maid's Pn.ra.dIM. I Burglar s tn Paradise. 

Beyond the Gates. Posi B»o, picture cover, xt, t doth 

tha Fisherman . Illustrated tiy C. W. Rf.f.h. Crc-wn C* 

Phil May's Sketch-Book. Containing 54 Humorou 
Phipson [Dr.T. L.), Books by. Crown Hvo, canvas, 51 

F*mouc Vlollnlata and Fine Vlollna. I Tha Confftaalona ot * Viol nlit. 
Volc a and Violin i Sketc hes, \n-acdo'.. ■-.• encet. 

Planclie (J. R.), Works by. 

The Pursuivant of Arma, With Sit VUiriand Mollh,'.rr.-iiinn5. Crown tvo, d 
•nndPinmi. Ith Int roduction hr Mi 

1 1 cli's Lives of Illustrious Men. With I- 

1 'ilKand WM. LANCll >l 

Poe's (Edgar AllanTClioice WoYks7~Poems, Stories 

'■by CHARLES BAODP-IAIKB. Crown Bvfl .jjrith._y-._3J. 

Pollock 'W. H.).— The Charm, and other Drawing-roo 

Sir WALTHr BU-SAWT an d WALTER H. POLIOCK. W ith 50 Illustrations, Ctrv 

Pont) [Major J~B.|.— Eccen tricities "of Geni 



-. til Uie PUtfor 



the Stage. With 91 P.ir , 



Pope's Poetical Works. Post Svo, cloth limp, 2S. 



Porter (John).— Kingsclere. Edited by Byron Wei 

(uH-tuce *nd man v saiaDer lUurtratloiu. Cheaper Edition. DcmyS-o. doth, 7 ■ ■**. 






Praed (Mrs. Campbell), Novels by. Post gvo, Must, bds., zs. 

Tha Bomaneo ol a Station. I Tha Son! of Coantaaa Adrian. 

Crown 3ro. doth, 31. 6.f, each : post 9vo. boards, a. each. 
Outlaw and Lawmakw. 1 Christina Chard. Willi Kronrjipi 

■ft a. Trosasklss. With S Illust rations by Robert Saubh r. 

Crown BTO. cloth, u. 6>f. eacii. 
Nul ma. | MIM 1MB. I 'AM WfttBh In tl 



Price (E, C). — Valentino. Crown 8vo. cloth, j,t. 6d. 



Princess Olg;a. — Radna; A Novel. Crown Svo, cloth extra 



Pryce (Richard).— Miss Maxwell's Affections. Crown 

will, Ff iiitisriieeebf HAT. LUDLOW, v- &/.: post 8«o, Illustrated boards, m. 



Proctor (Richard A.), Works by. 

Flowers of tha Shy. With 55 Illustrations, Sn'»H crown 8mi, cl*ilh at". U 

Easy Star Lessons. With si.ir Map! for ever}: Night in 1I10 Year. Crown Bvo. doth, I 

Familiar Science Studies, Crown gro, cloth estra, &r. 

Saturn and Its System. Wish 13 Sted riates, DefnyBro, cloth estra. iojt. 6>t 

Hysterias ot Time and Space, with numerous Illustrations. Crom 

The Unlyerae of Suni, A :c. With numerous Illustrations. Crowe Bvo, doth eitra, is. 

Wagaa and Wanta of Science Worhera. Crown Bro, 1/. erf. 



Rambosson (J.).— Popular Astronomy. Tra 

With ro Coloured PL Ions. Crown tm. 



Randolph (Col . t'J . ) . -A unt Abi gail Dykes. Crown 8 
Read (General Meredith).— Historic Studies In Vaud, 

in, I in. v. Wil h ji full-pngf HlmtratioM. Two Vul«.. il*-m>- Svo, rloth. sgr. 

II (Mrs. J. H.), Novels by. 

A Rich ntan'a Daughter. Ciown avo, cicth, jr. 6-i 

Walrd Btorlaa. Crown Bvo. cloth ettr*, jr. t»f- : po« Svo. lUu 5 1rat«>5 boards, u. 



?ostBvo,Uituus»etH>e*nlvv 
TH» t/nlnhaelt«(t House. I TaVry. "Hsvn. 

Tit* Prlncmot Wales's Garden Party. I H«« *■' 
Tbff Mytttrj lu Palace Oatd*n», 



CH U'l-tin a* a :-■■■-■.- 

I rs.VTj'H&vn. 

\ He» Wovvtv a T>aa\\v,v. 

\ "tn* ■»U'0.» tjara*- \\*V» 



i ft- Marti** Um. Lm<m. * 



no*, ma, aula hi Ti ■■■!■ VeeawES, set ts or* V»ae ! ■ > ■■» 
r b*awd a* oath, t»taa Jfc W. «iii_ 



Lhu >ad tha BuMk. Vofc a 

•ever Too Late to Hand-' 

■ ran ol Tru* Uvi Hint Old 

stnoainj »...] BtnflahaaLrt aad 

a face. 

i-j>iiojraphjr of a Thief; Jack 

Tr.»ll«l A Hero Ud 1 Ku- 

a Wandering Ha ir. 

Id I •enrjr^joa Vo 



. a Ma LttCa. Lot* «*• a*-* 
L Th* Doable Maartaaa. 
<. Griffith Gaunt. 

Play, 
i. Put Yoar tall la Bla Plaee. 
:- A Terrible Tem pvatJoa. 
i} A Simpleton. 

•Vo man -Mater, 
j, Trie Jilt, aad . 

Stories ol Han end other Anlanaia. 
i*- A P«nio-j» Setrat. 
i-. Beedlana ; -i. Blbla Character*. 



ICton. 



Chiiatle Jonnatcca, 



IU I I 

Lata to Hand.' 

a of True Lows Haver Did Sub 

•■iiy of a Thief; Jack of 
Jamca UmMri. 
.Ittla. Lo.a ■• Long. 

a Mippiaae. 

er and in* Hearth. 



p a am faaaacad faaaaaj an taaV 



iloITIOMS. Poll Cm, et, gilt too. at. 
rlater and tha Hearth. | 'It u Never Too 



Hard Caah. I Ortfflth Daunt. 

Tool Play. Put Touraellln UUPIMl, 

A Terr] bla Temptation. 

A Simpleton. • Tha Wandering Hair. 

A Wo mu -Hater. 

Bln'iebeart and Doublefaea. 

Good Storicaof Man andot&ar Anlmela. 

Tha JUU aad oU>« Sevres. 

A Perlloaa Beeret. 1 Readlnna. 

; feuk; i. Klat 

OO LA ta td Mend.* 



later Too Lata to Hand. [ Tha Cloister and tha Hearth. Foul Play. 

onmcton; >. i Cnrliik J ohnAlone. I Ha rd Caah. I Or Iffith Gaunt. , 

! Johnstone-. H lib Frontispiece. CtiorceJrvnntedia Bse»ir style. Ftap. ?»o,hiir-Roibjt*i. 

i1*iw;i.- tlcerii styie. 1-rip. StCi. Balf-taaV . 

»«. with l6 Wl..lCg-TJTUIB ami i« 

IWatasuCa. i:i-aU a'.o, dcth Eiltan . 
-'-la, post tro, wit6 an Introduction by Sir WALTfcK BtSANT, an J > rn.niiipercel« 

• -. 



ma from tha Wc.Hi of Chariot Read*. With in Inrinduction by Mis. ALEX. 

A. ______ 

son (Frank i, Novels by. 

IBs Counsel, 

o who Lost his Paai. With ga Uliuu. I,y TOM Browne, R.I. Ct. B»n 



(Alfred), Works by. Large crown 8vo, doth, 3?. 6d, each. 

a Round Eton and Harrow. WJik s» lllasiraiioitt bjr Hie AafJ 

InaUand with Dlcfceus. Willi .-; linutr^iv.u t'fC A. VANX>KKH007and A. RtMMRK. 



\melie), Stories by. Crown Svo, cloth. 35. &*. each. 

tPaKnfc j Marleli A Lore Story. 



n Crusoe. By Daniel Defoe. 

CRUIKSKaNK. Post 9m 



With 37 Illusirauons by 



n (F. W.), Novels by. 

had Strange. Post 6«o, Illustrated boards, *t. 

nda or Justice. d»»u s»o, doth emt, j>. W. ; po«t 9to fflastnted board?, cr. 

Wan In tha P ark. Crown 8ro. cluih. 31. erf. ; post aVo . Illustrated I 



n (Phil), Works by. Crown 8 vo, cloth extra, 6s, > 

it*" Birds. J The Poets' Bea.aU. I Tha Poota 1 Reptiles. Ftahea, and Jnaaota. 

Battle Abbey, The: A List of the Principal VV 

indy wi i li W illiam the Conquatt ST; 

rten (A,).— A Handbook of Architectural Styles. 

y. COI.LgTT -SilWDARS. With Crow n B« o, doth ettl 

bert).— A S ugar Princess. Crown Svo, cloth , 35. td. 

(Hon. Hugh)^T\Vorks by. Post Svo, cloth, ss. 6rf. each. 

I : Of, Thoughts Wise and Othor-wiso : a Collection of the Dost Riddles, Cvnundnimi, Jokw. 
fite.. with n.iiietoul TUuttralioos by iho Aulhor. 

> a 1 A Second C ollection o f Rl.ldto. Jofcea, Ac. With nurnaram muttratlont 

in (James) 1 Stories by. 

and Soholara. Foil &">. doth, as. W. ^-__ 

!• and Shellback*. Crotrn fnro. cloth, ?i.M. ^^ 



(Dora), Novels by. 

try Sweetheart. Putt Sto, plctute boards, at. ; pktme doth. <Ut batV 

1 1 o. Cinwa «to, dot h. 3r. hd, ; plttunt cwta, aatYiaiV] . * i . 

iert) , —True Blue : or. 4 T V\e Lasa vYtax \-»n*A » "^ 



An Ocean Tragedy. 

My Shlpniata Louise. 

Alone an a Wide V/lda See. 

Tht Ooofl Ship ' Moh 

The phfvnloni Daeth. 

Is Ho the Man? i Tn« Cwvl 



& WINDUS, Publishers, ill St. Martin's 
1 11 (Rev. John) and his Out»of-doo. 
II ~(\V, Clark), Novels, &c, by. 

• , illustrated boa 
Bound tha Co Hay- Fir*. 
In th« Middle Watch. 
On tha fo'k'sle Head. 
A Voyage to the Cape. 
A Booh for (ha Kamrnook. 
The Mystery ol the 'Ocean Star.' 

The Romance or Jenny Her to we. I Henrt of Oafi, The 

The Tahiti 

ClOwn :•■•>. HOti U '...' t veil, 

A Tale ot Two Tunnels. I The Death Ship, 

Th&Shlp; Her Story. WJthso TJIustracioni by H, C.SBPPJNC5 WHICH T. S-i 
Tha 'Pretty Polly': A Voyage of Incident. With ia li 

Large crown Bva, doth, gilt edges. S", ' 

Saint Aitbyn (Alan), Novels by. 

i fi«o. cloth eilra, «. W. each . post Hro, IUii 1 : 
A Fellow oi Trinity, Wiqi a Mote try - ILIVHK WENDELL. Hoj 
TheJunlop Bonn. I The Halter of St. Benctl lot's. |To Ills Own 
Ui'ehard Damerel. I In t ha Face of the WoHd. | Tlia TreiuJeli 

Fcap. Bro, doth boards, it. 6.1. each. 

The Old Bald's Sweetheart. J Modest LHUs SUA. 

Crown 'ivi. cloth, if. t.1. each. 
Tha Wooing or Hay. I A Tragic Honeymoon. I A Proetor's Woola 

Fortunes Gate. I Gallantry Bower, Bonnie Maggie Lead 

Mary Onwln. Willi 3 II 1 | Hn. Dunba 1 

Saint John (Baylej.— A Levantine Family. A 

y. id . _____ 

Sala (Qeorge : A.).— Gaslight and Da yl ight. Post 8vo, 
and Yard, Past and Present: Experiences of Thirty 

By li» Chief Inspec t or CAVANAGH. row B»o, Illustrated bonnlt, a i. j cloth, ar. _.f. 

Secret Out, the : One Thousand Tricks with Cards ; with Ea' 

'its In Drawing-room or 'White' Magic By W. II. Ckhueh. With job IHnalr. 
8tj, cloth cttra, <i. 6-f. ■ 



Seguin (L. G.), Works by* 

The Country of the Passion Play (OberammeTga,n* unci ihe Highlands of r«in» 

Map and]; Illustrations, Crown 6m 
Walks In Algi ers. With .tta tions. C ro wn fro, doth p : -• 

Senior (Win.). By Stream and Sea. Post 8 to, do 

Serjeant (Adeline), Novels by. Crown 8vo, cl 
' ii er Falsa Pretences. I Dr. Endlco.t 'n E 

Shakespeare for Children : Lamb's Tales froi i > ■■ 

MQVB SMITH, fru an 4tg, cloth gfrt 

ikespeare the Boy. With SJ 

■ .wsar.il Snort J, the Manners, Oiiloais. and Folk-lore of fae Time. By W 
A New Edition, with as illustrations, and on Iwuux OF I'LAVS Ai 
T RHUBO T*X Crown Bm, doth pllt. T». _f, 

rwil llam).— Children of To-morrow. C i 
Shelley's (Percy Bysshe) Complete Works in Vers 

>], Prefaced, and Annotated by K. IlBRMB SmU'llElU). Five Vols., crown 8»u, CSSCBVJ 



Poetical Works, in Three 

a by the Editor ; [\.«1.uiihui» Fragment* of M 



spondeaco with Stotkd_le ; Tha Wandering Jev. 
and oilier Poems ; hosalinrt and Helen ; Prometheus Cnboimtl ; A>'. 
■ad Cjthna: The (>r,ci; Julian and Maddalo; SueMfoot U 
19 i Eufysychldv 
..II ' Anarchy; and 

Pro to Works. In 

i . The Two Rom-inces of Zostroazi and St. trryne : the Dublin 
ration of Duiun i Letters to I_«JjtIi Hunt, and some Minor v. 
II. The Essays ; Letters from Abroad ; Ti.iniUtions and p raenienls. edited by Mia ! 

Sherard (R. H.).— Rogues: A Novel. Crown Svo. cloth, is. 6£ 
Jan's (Richard Brinsley) Complete Works. 

Anecdotes. Inchldrntt hi» Dramatic Wrltiiigt. his Woiki io 1 ik-u, « 

Ires. Crown Sto. cloth, y. t-i. 
The fiivr.rs, Th4 80H00I To» SeaitSal. anA efti'i ■ 
jSrtarldan'a Comedies: Tho R\vn.ls awS T\»e Se>YioM 10* HtM 
du «, |o each rlay. sod a KavrjifMcaa. Sfcsftl 







Ml St- 



lOlld. 



tiJt, eru.nl 8v. 



-tue, Lond- 
■ '■■ , cloth, 31, 6rf. 

icol Wo.: 

Eba kcT. A. It. ■ 



Their History, including Anecdotes of Famous Taverns : 

■ and John C\ 

q Hvo, Cloth frxtu, a-r. 6^. 



leorge R.). Works by. 



Is* ; Bella. 



lis. I I 



MyTuro Wives. 
Tain of To-day. 



and V« 



lemolra ol a Landlady. 
Scones from 1,1. • Eh aw. 
The Ten Commandntatna : Stoiln. 

.":■>», 

-over, i». each; doth, u. Srf. each. 
ojonat Reciter and Header; Being Reading] and Kcciuduns in Pioa 

... 31115. 

. .;«. Cvndlnmaa. I Dnjonet DltUel, 

:■ Llvoi an J Horrible London. With 3 I 

I Dago net Dramas of the Da; 

lane's Maruolra. j Mary Jane Harried. 1 Ifofues and Vagabond*. 
Bayonet Abroad. 



..-'. e»ch. 
inon n. Christina* Time. Wuli st HlMilralloni t'y CIIA.RLES GRKBN, il.I 
lion' j Huarti A Story of To-day.— Alw In ptcurecluth. tlat la.k.ii | A Blind Mairlatfa. 
at the LlmsUftat ) TheairlcalUre u it it The Small-part Lady, So. 
ipba ol Baby lon j l-U o Pict ure* of London' s Motu'b Scen et. 

Dora : By Margaret Lonspalr. With 

I' icttfw cover , «rf. ; clot'' , 6rf. __^_^______ 

A Match in the D ark. Post 8vo t boa r 

Dictionary (The) : Etymological, Historical, and Antx 



(Hawley), Novels by. 

CrowD Ivo. cloth 3J. 6J. each; oust Bvo, picture boards, «r. each. 
ce and BenedlcK. Long Odd;. 

ut Love or Licence. 1 T he Master of RathkcUy. 

CroviiBro, cloth, 31 - ii. 
Jtsldar ^^__ 

anger. Potl Bvo, picture board;., 



i.«.«. each. 
A Buclnt; Rubber, 



(J. Moyrj, Works by. 

tlnce ol Ai-goJl*. Will. 130 initiations. Post B»o. doUi eitia, 31. id. 

'point ol iho W atar Witch. With numwou* nitfetnuinns. Pnvi 8>o. cloth. dr. 

ieparilla. Decanted by G. S. Edwards. With Portrait o( 

n ions by C. Lvall. Crown Bvu. cloth. 31, erf. 

in London. Crow n Svo, is. ; cloth, if. 6&. 

o rd H enry ).— S ongs of Adieu. Small 4 10 Jap. vel . ,6». 
LL.B.).— Elizabethan Demono! 

Crown Bvo. cloth exrra, «. 



t (T. W.), Novels by 

Post Bvo, ilk 



ycler)*i of Heron Dyke, 
vlona Way a, Jtc. 
'inked 1 .V Sandycroft Kystery. 
alden Hoop. I Back to Lllo. 



f*u Till*. 



ustrated boards, is. each. 



The Loudwater TrnJSJy, 
Botiio's Romance. 

SuJltancQ In Fall. 
Hub band Irani llio Sea, 



Post 8ro, elotfi limp, u. dd. each. 

I Wlfa or No Wife? 



« 11 Sro, ciulh c itia. it, &i , each. 

« of the Sea. I The Grey Monk. | the Mauler ol Trenancs. 

the Moon: ,;» Highway 

icret of Wyvern Towers. I The Doom ol Siva, t The Wob o! Fate- 
range Experiences ol Mr. Veraohoylo. 1 A a (t waa Written. 

tdyehli : ,- HJAt. lor tgoa). D gni y B»o, t s. 

Children. By M. H, Towry. With Coloured II 

_^ 

Squire i-— An ladustriotU Chevalier. Crow 



-The H eritage of Eve. 



ihu), Novels by. 



»j CHATTO & W.NIHIS. Publisher.*, ifi St. Marl 

Heavens (The) : A Poi 

u , 0*/. 



Stag-Hunting* with the 'Devon and Somerset.' An 

Had Deer oil Ejunoot. 1887-1901. Bj I'HII ! 
>l, Lomas. Cf own 410. cloth if ill. iSj. nrt. 



Sted nian (E. C.).— V ictorian Poets. c 

Stephens T (Riccordo. M.B.).— The Cruciform Mark 

1 KiciiARn Tep.cf? «a, Bachelor' of Mcdk .i 
ihens ^Robert Neilson). — Philip Win wood : A Sled 

I . ■'. .... Hi.-,..-). ..f ■■:, Am. rK.ii I" 1 1 ■■ ■ > III the Waf of lBdepca.aCP.ce. CfPwtl Kro. Un|i >i » 

-ml ale (R. Armltage).— The Afghan Knife; 

loili, 31. ftrf. ; tKmtrnted boards, «. 



Stevenson (R. Louis), Works by. 

Crown 8VO, buckiari. pill K 
TrAVelt with ft Donkey. W&h a FromltpWe^ WALTER i RA.NR. 
An Inland Voyage. With ■ Froniisntae by WALTell CttAXR. 
Familiar Btudles or Man and Boobs. 
The SUyprndo Squatter!. WHh Froeii»pi*ce by J. D. STi 

Tim Merry Men. | Undorwoodt i Poeniv | Memories and I' 

Vlriflulbus Puorliqoe, ■<- "1 "'lii-r 1'..; .-it I Ballads. | Prlnoe 

Across the Plain 

Weir of Hermiston. 1 In t he Bomn Beftl. 

* Low den Sabbath Morn, With ij lllu.liiikuu by A. S. BOH). Par 
Batik's of Travel. Crown ivo. hurlcram, cr. 
N«w Arabian Nights. Crown 8»o, buckram, gilt top, 61. ; po ■-; 

- r\>pu l *.«. Edition, medium 8»o. tii. 
The Eutclda Club; and The Rajah's Diamond. iFram SrwaiuI'- 

.«n 8vr), CjOth, jr. «rf. 

The Stevenson. Reader: Selection* from the WjiEihursaf koiif.rt 1 

by LLOYD OSBrn'BNB. Port Svn, cloth, w. ML ; buckram, . 
The Pocket E.L.S. : riivuiiie fismss fr™ ibt Wcria ...i 

*/. net ; lentil cr. jr. net. 

ARCH rv! p, Fikb Paphr Editions. Pott b»c, d.„ g 

Familiar Studies or Men and Books. I Mew Arabian Mights. 

Robert Louis Stevenson ■ A Lir« 

i dtt . SaCO SD HDtTIOJI. Rp.VfSTit), Crown B*o, tiuclcra!. 



Stockton (Frank R.).— The Young Master of ti\ 

aawerani tHimrmtitmi bj Virginia j-l uxvissomubI C. H, St kfhi ns, O at i 

, (Q. A., A.R.A.).— Sketches from Memory. 

I 'f my Bvo, cloth, gilt lop, tit. M, 






■torles from Foreign Novelists. 

Alick2it.ii.ihrn. Crown Bvo, cloth e*tra y.e^f. 



With Notices by H 



Strange Manuscript (A) Found in a Copper Cylindt 

8to. . . i 'KRT Caul, %>. 61. : p« t Be n, Ulus tT 

Strange Secrets. Told by Percy Fitzgerald, Con an D 

i . vat. Ac. Post Rto, Illustrat e d beards, at. 

Strutt (Joseph). —The Sports and Pastimes of the Peon 

England ; rrii lurtlng- the Rural and Domestic Rem n 

■ : I'-ti oJ. Edirgtl byWtr.LIAM U'J .tH. Wi t'. 

Sundowner, Stories by. 

ToldbytheTatTralLJ > I Th * TlU Of th* B*Pp«>t._£f 

Surtees (Robert).— Hand ley Cross; or, Mr. Jorrock 

With 79 Wmtr atloni by |OHN LBRCH. A 1'ost B ro. cloth. il, 

Swinburne's (Algernon Charles) Works. 

■elections from the Poetical Work* of 

A. C. Swinburne. Fcap. B«o 8*. 
Atalanla In Calydon. Crown 8ro, fix. 



Chnatel&rd t A Tr.igedy. Crown Si 

Poems and Ballads. flRS i Series'. Crown 

r feap. Sea. ex. 
Poems and Ballads. Spcond sbr, Cr 
Poems A Ballads. THiRdSERIeS. Cr.Evo.7J. 
Bongs before Sunrise, down Bto, tor . M, 
Both well : A Trape^y. Crown 8»o. rat, bJ, 
Bonas of Two Nations. Crown 8»o. ii. 
0«orda Chapman. [Set Vol. 11. or C. Chap- 

ma V<S Worlii.) Crown »ro, 3>,6d. 

Baiaya and Studies. Crown 8ro, t»». 

Hr«ontheus - 

A Not* on Charlotte Bronti 
* Btuily of Shakaspaare. Cicwn ■-;,. 
tonat ot tne Sprlngtldaa, Ci&an S.u.,'.i. 



Studlss In BonB. Crown B> 
Mary Btuart: A Tragedy. ( 
Tristram of Lyonesse. Ct 
A roTitury of Roundels. 
A Midsummer Holiday. 
Marlnn FnlloroiA 1 
A Study ol Victor Hujjo. 
Mlscelianles. Crowi 
Loorinet A Tra?edy. 
A Study of Ben Jon' 
The Sisters: A Tnee.l 
Astrophel, ic. Crown 
Studies In Prose and Poet 
Tlict Tale of Bnlen. 
Ronmnnd, Queen of thq LvmbaFOsi 
iowh Rro. 6/. 
1 »B»j| , Io\iua«»H9M 




.) Three Toars: la Search of the P-ctaxesqn*. in Search 

iltoicrtrfia^. — ' — I IT '- 1- 1 1 1 rVi i r i i i - 

h K/rrat. Cwwt^aaiiiMH. 

ry of English Literature. Translated by Hinby Van 



~ Diversio** of the Echo Club: Bnriesqnes oi 



.-Historical Dramas: J 

FOOC'S tU.Mn.~T. 'AUSUbCTS 

•to. tccac*. 



D*Jtc,' "Twcct Axe 

ftann BVaUnaV . 1 . : A-vjJ 



rRlcJianLO.C.S.I.).-A BWffje^w of Pictur- 
eke ray an a : Notes aad Anecdotes. With Cokmred Frontispiece aod 

rasa V WIU1H 14 tKETRACt TE4Cmir. O— a a»p, data pflra. ; ./ 

lew Pictorial History of the. By A S 



els by. 

■n U L : ^-ir* S~:i*r». 



CnW h3, iicti, ft Si 



mas (Bertha), Novels by. Crown Svo. cloth, y. 6d. each, 

!• Vtoiln-Plarar. I 1W ■ Cathe dral CUT. 

Crown *»o, dees, fife lop. to. each. 
I* Mouta an tha Sear: * Tik oT South Urrao. | Tbe Son of the Hoom, 



nson's Seasons, aad The Castle of Indolence. 

aon by A IX AM CUXSi:. -■ :"■ :_ ■■ 



With hitro. 



reau: His Life and Aims. By H. A. Pagi u Portrait 

■ 



nbury (Walter), Books by. 

t Llfa and Correspondence or J. M. W. Turner. With Eight IBuswaikm 

!cut»_ No- and Revued. Edition. Clown Sto, cloth, jj. fj. 

[as lor lha Marines. Pug arc, iflastuta d boards, xt, 

»s I John), Works by. Crown 8vo, cloth, 3s. 6S. each. 

lbs ajid Club Life In London: Anecdotes of its Fuuu Conw-t 
Xarenvi. Witfur (Ilusi. 

|llsh BceantFlca and EccantrlcUlai r Stories of D a hirl ony lmpojt 
nc Araacs, Tiieatritii Ful k. Ac. With <9 IfluWratioti*. 

In's (AtarkrBooks7~ 

• Authors Edition da Luxe Of th* Works of Htrk Twain, 
-ile in Great Britain and tts l>cr>anclcnciml. 
£ not per Volume, is 1 :-.ifctt Prosper. ' The 

Fust Volume of ibe SeiisStGHSD IIV THE A UTHO R 

E JRM LIBRARY EDITION OF MARK TWAIM 
Crown Ito. doth ejtr», v. 6rf, each, 
rk Twaln'i Library of Humour, With 19: III u strati. 

pfhlnfi. U; ; I Ths Innocent* fit Home. Wilhsooll 'Sua. 

I American Claimant. Whli Bi IlluitmH'.iis l\v It At, HURST i».1 
la Adventures of Tom Sawyer. With tit Illustrations. 
H Siwyar Abroad. Willi jo Illustrations !■»- DAN BEARD. 
It Bawyar. Detective, iic With 1'hotou ramie l'onralt of the Aul 
IJ'ntvoad Wilson. With Portrait and Sli IlllustraUons l»y LoUl 
Tramp Abropd. With 114 IlluUr.v 
ia lunoceitta Abroad; oi.TliaNi 

.titled mark Twaln'a Pleasure Trip.) 
l« Glided Arte. «y Mark TwaWmuIC. O. WAR 
ia Prince and the Pnupir. With 1/3 Illustration'.. 
Fa on tha Hllaalsstppl. With joollhrttu'i. 
ia Adventures of Huckleberry Finn. 
Yankee at the Court of Kin. Arthur. '■ I 
ia Stolon White Elephant. | 'Tho *i,ooo.ooo n 

auble-barralled Cetectlve Blopj. Wii 
olea Works of Hark Twain. Revue. 1 
,-ruin liluilr.ktions. 

■ y be had alio In port" ,. .il.taj.li. 

Raoollaotlons of Joan of a 
Tramps Abroad. 

[Aran thai Corrupted Madl-ybn- 




ATTO A W IN 1>US. Publ tthen, i . 

SOME B00K 5 CLASSIFIE D IN SHRII 

The St. Martin's Library. Pott B. net each; It 

The Woman In WW U. Hj-Wn 

AM Sorla an«J Cundi clone ot Urn By Sit WaI.tUK BEJaV. 

•liter and lh» Hearth .By Cm ' H U Never Too Lite to Mend.' By 

rirnlllir Studies of Men and Book!. 

New Arabian Hlfrhu. ■■'. 'TtuOttnihr, 

trader the Qreeawnod Tree. By Thomas 1 1 audi 1 . | The Lift of the t'lel cli. B y Rhihaeii] 



£ 



The Mayfair Library. PostSvo, cloth Ump, «. &t. per v 

Little Euayi. fr 



nlpa and QuIdJItlea. By W. D. Alums. 
A^unj- Column of 'The Hun 



A Journey Round Mjr Boom. Ilv X. DE Maistkb. 

roetlcal In^fntiltlet Bi W. f LtemgoM. 

l'li» Cuplioard Papon, l'-v I'l 

bottji o( Irian Wit and Hnmoor. 

Animal* and thslr MuUti. By Sir A HELPS. 

SoctalPr8itu.ro. lsy Sit A. 11 

Autocrat of Bre.iU«atT»ble. By O W. HOLMES. 

Corloiitln vi Cn.lici.rTi. By H. I. JEN- 

FubqII end Pale ct*. By R. Kl'.MPT. 



FurfuaM AliciCOtea- 
Theatrical Anecdotei 
OuraelMi. I 
Witt!. BI 
Paitimei and Flam i 

Hon Fau) and . 
Puck on P»j»»n>. 
Pc.'iuu. Re aid.! 
By Stream and Sea. Dj 



The Golden Library. Post 

Sonsn far BaJtori. By W. C Rtwm 

Live* of the Necromumri. I 

The Autocrat of the Breakfast Table. By I 

".'UK. WEN DELI. HOLV. 



Svo, cloth limp, 3; per Vol 111: 
Scene* of Country LI 

La. Won. 

Tli* Poetical Wurka of AleUiidtr Pe*« [ 

DlverJloaiof the Ed .0 Cluh i. 




1 Handy Novels. Fcbp. 8vo, cloth boards, i 

Dr. PallUeraPatlrmt. liyGKANrA 1 Seven Sleeper* or Eplieicr 

at»Dlc Carlo dtorloi. By JOaw Baki I TU« Old Maid, dwoef 

B lack ftplrlu and White. By R. A. Cham. | Madeat L i ttle Sara. 

My Library. Printed on laid paper, post Svo, hall-Kc 

The Journal 01 Maurice d* Gutrln. 1 Chrletie Johnetone. I - 
The Dramatic Eaiayaof Oharlea Lamb. Fog WofflnctML Uy 
of Willia m flb.a lHF«»Ja. W, S. LAMPOR. > 

The Pocket Library. Post BvO, printed on laid paper 



GMtronomr. By BRjl I.AT-SAVAKIN. 
Boliuaon Cruise. IlUmtraled by G. Ckimkshank 
Autocrat and Profewor. By O. W, IIlilkes, 
Provincial Letten of Slain PmcH- 
Whlau and Odditis*. Uy THOMAS Mood. 
Lalfh Hunt « Euay* Edited Ly E. Qllihr. 
Tb* Barber 1 Chair, By DOUCtAS JEKROU}. 



IlnZctayiarE 
Anecdote* of the C 
The Epicurean. & 
PlayiliyK 
Gulliver a Travels 
Thomson* Eeni.ni. Illmtm 
Willi.* a Natural Dietary of 



Krathmor*. ByOVinA. 
The Pram-Shop. By F.Miun 
TIl» T*i: (J ..I t.hem GRANT ALLEN. 
Orlffllh Gaunt. By CHARLES READS. 
Armadale, by Wilkie COLLINS. 
Diana BarrlnstoB. By B. M. Choker. 
Joienh'i Coat. By D. C. MUhRaV. 
Bbadov of the Bword R, Br i:h anan. 



POPULAR SIXPENNY NOVELS, 



Shortly. 

ShcrUy. 

V<- ■'',. 

SMsrtij, 

Shortly. 

Sturdy. 

Children of Olbeon. W altei; IIeSaht. [SJiovily. 



By Walter Be 

Itl'oniafllen. WATT. BBSANT. 



The Orange Olrl. 

AllBort.*ndCor,dIt 

The Qha plain of the Fleet. Bksakt it Rich. 

K««dfM«oey Mortlboy. BESANT & RICH. 

The Golden Butterfly. BESAN1 and RICE. 

The Beanuter. liv il all Caihb. 

The Shadow of a Crime. By Hail Cains. 

A Son of Ba#ar. Ilv HaLI. CaiNe. 

AatonHut. By WiLKlli Colliws 



.tone. Ly '.V 
ilaWultc. K 



Puck.. 




Tli.i Mi 

The W 

Tho Dead Secrflt 

Man and Wife. By 

Tlit New liairdalea. 

Held la. Bondage. 1 

Uotlu. nyOVIIM. 

Under Tiro FUgi. I 

Peg WvUlngton: and ChrUUi Johnilom. 

The eioutar and I6e BenjUi 

Rka 
ItlirTeTerTooLatctoaTind. > 
Bard Cub, By CIIARi 
Foul Play Bv CUAR1 
New Arabian rJIghtn. I 
The Old Factory. By H 
The Downfall. By E. Zola. 



THE PICCADILLY NOVELS. 

Libhart Editions or NovELS.taauv HJusirated, crown Bvo, cloib eitra.; 



By Mrs. ALEXANDER. 



Valerie a Pate. 
K Lllr lnt«r»it. 
htona ■ Choice 
B » Woman-* Wit. 
The Coet of Har Prlda. 



abwhart 

A Flint with Fata. 
A Golden An to run. 
Mra CrtchtoniCrfdltor. 
The sup mother. 



A MUlIng Hero. 

Bv IH. ANDERSON.— OthiUo'iOooRDEUoE. 
' Uy ti. WEBB APHLETON. 

lull Ct>o«luilona. 

By EDWIN L. ARNOLD. 

r»r» th* Phrenic-Ian. I ConilAbU ol 6t Mlubolu. 

Bv ARTEMU5 WARD 

Arletnaa wiuiX C«u»l'leU, 



By F. M. ALLEN. -Qre.n aa 

By ORANT ALLEI 

PblUatia. I Babylon. The Gre * 

Btranf-e Etorlea. I>»m*r« 

For Halmlei Sake. Du...h*.i< 

Is all Bhsdai. Bum* ! 
T}h. Beclconlne Blind 
The Qevll'i Die. 

Thla Mortal doll. At Mark 

The Test, of ahem. TJAd • f I 

^■s \«re.Y 

\ Vn, « *Vvwn»ii <3r»1i . s,**.^*^ 



& WIND US. PublUbers, III 5L Martin' « Lane. London, W.C a; 



i 5/6) NovtLS- COHtMVtit. 

FRANK BARRETT. 

BnBraceltW I UodwaStrange Mati. 

I A Mlatlng Wliuu. 
! Scandal I W« 9b* JaaUfled I 
tLLE.'—VeauW ul EiWier. 
♦V. BESANT BTid J. RICE. 



yMoftlboy. 

tL 

■ml Crown. 

fa lean 

Butterfly. 

if Thelema. 



By Cell* I Arbour. 
Chaplain or ihi Fleet. 
The Seamy Side. 
The Cm of Mr. Lucralt. 

Is Trafalgar t say 
Tha T*n reare' Tenant, 



tlr WALTER BESANT. 

Condition*. Armorel of Lyour aae. 

iInii, B.KaUnrlne ■ by Tower 

|*o Fair. V»rbena Oiroellla, 4c 

stir Tb" Ivory Gate. 

I HMrRoae The Rebel On***. 

i Wall Then. Dream* of Avarice. 

Slbeon In D'icnn a Order*. 

The Kaii« CraUamaa, 

doa. The City of Bafuee. 

Mine. A Fountain Sealed. 

ur 1(40. To* Changeling. 

Ik Panl'e. Th» Fourth Generation 
harm. 

tOSB BIERCE— InMlditof Ufa. 

►LD bINDLOSS.AlBibiiJBJa. 

ly M. McD. BODKIN. 

I Shillelagh and Shamrock. 
_. BOURGET.— a Living U*. 
BRAY5H AW.— Siom Biinouette*. 
fiRVOEN.-An Exiled Scot 
ROBERT BUCHANAN. 

he Sword. The New Abetard. 
inure. M*«. I Rachel Dene 

< Man. aula or the Ulna. 

of Made due The Heir of Linn*. 
' Sv«r. Woman and the Han. 

Red and Wait* Heather. 

Lady Kilpatrlgk, 

Andromeda. 
1AMBER5.-Thi King in Yellow. 
CHAPPLE.— The Minor Chord. 
By MALL CAINE. 
a Crime | Deemete r. | Son of Hagar. 
TIN CLARE.-ByBiioof Elver. 
Mrs. ARCHER CLIYB 
L 1 Why Paul Ferroli Killed hit Wife. 
SNE COATES.--rtuaDUry, 
MACLAREN COBBAN. 
itan. | The Burden of IiabaL 

*• WILKIE COLLINS. 

Aft*rDark. The Raw Maedales. 

I An ton ma The Frozen I>eep. 

If and Seek. The Two U.'iliniea- 

ecrot. "X Bay Ho. 

■arta. tittle Novell. 

anlea Tb« r»I)en Uim. 

I in Whit*. Jezebel a Danghter. 

Id tha Lady. The Black Jlob*. 

■4 Hotel. Heart and Selene*. 

km*. The Evil Genii*. 

'If*. The Legacy or e»m 

nach. A Rogue a Ufa, 

«-1 Blind Love. 

IT. Jk FRANCES COLLINS. 
* Scholar, I i'ou Play me Falie 
UOmedy. | Midnight to Midnight. 

>I-Q1.H0UN. -Every In^h Soldier. 
HERBERT COMPTON. 

abio Ml*. MaislhshAro . 
I.COOPER.-QeoBory Hamilton. 
COTES. — Two air la on • Barge. 
y C E. CRADDOCK- 

:n Great Smoky Mountain*, 

-d Illar ' 

\y ». H. CRELLIN. 
rm* OU StrtgHe. 



By MATT i 
The Adventurci of a Fair Rebel. 

ByS. R. CROCKETT ana otricn. 
xadta of Oar Ooaat. 

By B. M. CROKER. 



Diana Barring ton. 
Proper pride. 
A Family Liken***. 
Pretty Mlia Neville. 

A Bird of Pataage. 
Mr. Jervli. 

Village Tale i. 

Bonn Onr Else. | Jttion. 



The Baal Lady Hilda. 
Married or Etngla I 
Two Maaterii. 
In th e Kingdom ol Kerr y 
Interference 
A Third Fereon, 
Beyond the Pale. 
Mlii Balraelne'i Paet 



Infatuation. ' Terence. 

By ALPHONSE DAUDET. 
The Evan a. e Hat i or, )"nrt Solvation. 
H. C. DAVIDSON. _Mr.Badl*r*»a»ghi'r» 
By HARRV OE WINDT. 

True Talea of Travel and Adventure. 

By DICK DONOVAN. 

Man rrom Mancheitor. Talea of Terror. 

Recorda of Vincent Trill Chronicle* of M 

Th* Myatery of DanevlUh. IDetactive 

Jamaica Terrace. Tyler Tatlock. Prlvat* 

Daacoa Erodie 

By RICHARD DOWL1NG. 

Old Corcoran* Money. 

By A. CONAN DOYLE. 

The Firm of Glrdlectona. 

By S. JEANNETTE DUNCAN, 

A Daughter of To day. I V*rnona Aunt, 
By ANN I B EDWARD ES. 
Archie Lovell. | A Plaiter Baint, 

By 0. S. EDWARDS.— Bnaiellaparllla. 

By O. MANVILLE FENN 
Cined by a Fortune. A Fluttered Dovecote, 



Slag of the Cactla 
Muter of a*rentoni>i. 
Th* Kan with a Shadow 
One Maid a Kiachlaf 



Story of Antony Grace 

Tula Man ■ Wife. 

In Jeopardy. mlng 

A Woman Wor 



The Caaa of Allaa Gray. 

Commodore Junk. 

The Hew Hlatreaa. 

Wilneaa in the Deed, 

The TUer Lily. 

The White Virgin, 

Black Blood. 

Doable Cunning 

By PERCY PITZQERALD.-F»uiz,n, 

By Hon. Mm. WALTER FORBES. 
Damn. 

By R. E. FRANCILLON. 
One by On*. I Rupee of Band. 

A Dog and hli Shadow. Jack Doyle* Daughter. 
A Real One en 

By HAROLD FREDERIC. 
Beth ■ Brother's Wife. I Th* Lawton Oil '■■ 

By GILBERT (iAUL. 

ABtruifeHajiucriptFoand in » Copper Cv Under. 

By PALL QAULOT.— rh. Red Bhlrt*, 

By CHARLES QIUBON. 



Robin Gray. 
Loving H l'lrcam. 
Of Huh Degree . 

By E 

Th' 5-o«t Heirail. 



I The Golden Bhaft. 
Tho Braraof Yarrow. 



OLANVILLE. 

J The Oolden Rock. 
Talea rrom th* Veld. 
OODMAN. 
Th* Fata of Herbert Wayne. 

By Rev, S. BARINQ QOULO. 
Bad Spider. I Eve. 

By ALFRED A. GRACE. 
Tales or a Dying Race. 
CECIL QRIFFITH.-Oorlntfcla Maraalpn. 

By A. CLAVERINQ GUNTER. 

A FterfiU Enehan tment. 

By BRET HARTE. 

A Waliof the Plalna. i A Prr.l ,:,) of J« c a 
A WarS of the Boldan , Hamlin .. 

Gat*. |Bprlnga. ' Clarence. 

A Sappho of Oreen Barker* Luck. 
Col . BtaitoUW a C\\»n.t. Vi»-A\ »"« •«<! 
Bun. V BiUl Twwa. • Ttta^tnaa*- 
BeU.W'ftW'C -»l kH»W \ , "«*" » '\»S*»S. 



aS CHATTO & W1NDUS. Publish*)!-*, in St. Mar tin 1 a L 



The Piccadilly 

By OWEN HALL. 

The Trick of a Storm. \ Jelsara. 

By COSMO HAMILTON. 
QtMD0«rotIiap9MibU. I Through a Keyhole. 
By THOMAS HARDY. 

Under the Greenwood Tree. 

By JULIAN HAWTHORNE. 

! Dwt. | BeatrlJt Rs.-. 

EtllceOuenUn. , David Poinde . 

8»li«i(Un Strom*. I appearance. 

rortntinFool. Spactr* at Camera, 

jr A. HELPS.— Ivan d-. Slron. 
By I. HENDERSON.— A S nth»Paga. 
By Q. A. HENTY. 

i Double. | The Qneen , Cap 

\l»ON HILL.-Iambr* the Detective. 
By JOHN HILL.— The Coir, men Ancestor. 

By TIQHE HOPKINS. 

Twlxt Love *ad Ontj. I Sogenttof CarH.-onna, 
Th.» Incomplete Adventurer. | Nell H&flenden. 

VICTOR HUOO.-The Outlaw of Iceland. 

By FEROUS HUME. 

t»Aj from Nowhere, I The Millionaire Hyatary 

By Mrs. HUNOERFORD. 

ttVfl. I A Point of Cofuclcoce. 
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